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HOW A PLANE SMOOTHS THE WOOD 

The plane ia an exceedingly useful tool, and it is worth while to know how it is that the sharp edge 
of the plane iron can .^^ke the wood smooth. We could not, of course, smooth a plank satisfactorily 
merely with a sharp knife blade. On this page is explained the way the plane works and the great variety 

of planes that are used for special purposes 


P ROBABI.Y not many people who use 
a plane ever wonder exactly how 
it is that the plane makes the 
wood smooth. Of course, we know in a 
general way that the sharp edge of the 
blade, or plane iron, as it is called, cuts 
away the wood. But there is something 
more than this about planing, and the 
picture on the opposite page explains 
exactly how the wood is cut. 

There are many diff* 
erent kinds of planes 
suited to different t 3 rpes 
of work, and some of 9 

the chief of these are 
shown in the picture on 
this page. The l)est 
known are the jack 
plane and the smooth- 
mg plane. The stock, or 
body of the plane, is 
generally made of beech- 
wood, and the cutter or 
plane iron is inserted 
through an aperture, 
with the cutting edge 
projecting slightly at 
the bottom of the stock, 
at what is known as the 
mouth of the plane. 

The Work of the Iron 

On being pushed over 
the .surf {ice of a piece of 
wood, the plane iron 
acts like a chisel and 
cuts into the wood, re- 
moving it in thin pieces 
known as shavings. The 
pressure on the blade 
would drive it up, only 
it is held in position by 
a wedge, though in some 
cases a screw is used. 

For the roughest kind 
of planing where tlie 
wood has a very unequal jo // - 

surface, a large jack oUliMSB 
plane is used, and it 
IS worth while knowing fiabbetond 

why, for tius purpose, the jg 

large plane is required. 

It is necessary, of 

course, that the cutter 

or plane iron should act 

only upon the projecting 

portions of the wood, 

but if a small tool were vBBHBB 

used tte plane would go ^tae different k 

up and down over these ^tal block olai 

inequalities and, in this curved lurfa^t, 

way, fail to make a rebate planes a 

level surface* 


To get over this difficulty a large 
stock IS used, which rides over the 
roughnesses and removes successive 
shavings from the more projecting 
parts until they are all worked down 
to the level of the deepest depression 
When this has been done a continuous 
shaving can be taken by the carpenter 
neatly and easily from the whole length 
of the piece of wood. 
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Nine different kinds of planes in general use. The jack, trying, smoothing, and 
metal block planes are lor smoothing ordinary work; the compass^ane is for 
curved surfaces, the bullnote, tonguing and grooving, rabbet and fillister, and 


curved surfaces, the bullnose, tonguing and grooving, rab 
rebate planes are for cutting tongues, grooves and slots, 
are mtemaitive terms 


Of course, the resulting degree of 
flatness depends to a large extent upon 
the skill of the workman. 

In using the tool a carpenter moves 
the plane as though he were trying to 
hollow the timber slightly, in that way 
insuring that he shaves equally along 
the whole length. With a long stock it 
is impossible actually to hollow out 
any pari of the wood. 

A trying plane is very 
much like a jack plane, 
except that it is rather 
}g longer and has a closed 

handle like that of a 

saw Its office is to 

correct the inequalities 
left by the jack plane. 

The smoothing plane 
is much shorter, and its 
work, as its name sug- 

? [ests, is to smooth or 
inish a .surface It is 
usually about eight 
inches long, whereas a 
trying plane is about 
two feet, and a jack 
plane about eighteen 
inches 


For Special Work 

For pliuiing hollow or 
round siirhices the .stock 
is usually curved, and 
the tool is known as a 
compass or roimd sole 
plane. There are all 
sorts of special plmies for 
doing particular work, 
such as fillister and 
plough planes for plan- 
ing grooves or slots 
along the edge or face 
of a piece of wood; 
Other planes of this type 
are the grooving plane, 
the tonguing plane, the 
bead plane, and the 
ovolo or moulding plane. 
In the old days of hand 
work all moulding had 
to be done by means of 
planes, but nowadays 
wood-moulding machin- 
ery has largely super- 
seded planes for the 
cheaper types of work. 

Planes may"' have 
*3 or double irons, 

S the, operation of 
IS clearly shown in 
the picture diagram on 
page 73$. 
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TWO KINDS OF PLANE AND HOW T HEY WORK 



A olane smooths the wood because the steel edge of its cutter or plane-iron shaves off the inequalities of the rough surface. In this 
oic^re we see how a plane with a single plane-iron, while shaving the wood, is liable to tear or split it in front of the shaving, because 
owing ^tKle of the iron, it faisis the shading, causing the tear in front. The small picture shows this on a larger scale 



To 


get over the difficulty of the tear in front of the shaving, planes are fitted with double irons, as shosm tore. 

* part in the cutti^, but by pushing iq» the shaving and breaking »t as the plane moves forward, it avoids the tear m front 
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HOW A HEAVY VEHICLE IS WEIGHED 



In this picture we see a weigh-bridge with the platform cut awAylto show the mechanism underneath. The platform stands on steel 
joists, which rest on a steel bar with a V-shaped lever at each To avoid friction the parts in contact are knife-edges of hard steel, 

and these rest on rockers. When the vehicle goes upon the plafform its weight is transmitted by the V-shaped levers to a transfer lever 
connected with the recording machinery in the office, and opurites a series of levers there, the weight of the vehicle and its load being 
automatically recorded on a dial. This type of weig)|i*|kidge, made by Messrs. W, & T. Avery, Ltd., is quite foolproof 



The vehicle on the platform presses down the transfer lever and operates aiseries of levers on the recording machine showing the number 
of tons. At the same time a device is set in operation which indicates on a scale the particular notch into which a part of the apparatus 
called the poise is to be puL The man in charge places the poise in its notch, and if a mistake is made and the poise plac^ in a wrong 
notch, a pointer directs attention to a notice : ** Wrong notch. Move slide back (or forward) one notch.” M soon as the poise is in 
the right notch the odd quarters and pounds are shown, and thus the exact weight of the vehicle is recorded 
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A COMPLETE FIRE BRIGADE ON FOUR WHEELS 



WRAPPING UP THE LOAVES BY MACHINERY 



This picture shows the remarkably ingenious machine which wraps loaves of bread in paper ready for delivery without their being 
touched by hand. The loaves slide on rails down an inclined chute and are carried by a short travelling belt on to a metal table with 
a slit in it. Along this slit travel paddles attached to an endless chain running round toothed wheels. A paddle pushes each loaf 
along and under an arm which is forced up by the rounded top of the loaf. When the arm goes up its other end depresses a lever, which, 
coming forward, disengages a projecting tooth on a wheel which now revolves, allowing waxed paper to run between rollers. After 
making one revolution a cam on the wheel raises a knife lever, the blade at the other end coming down and cutting the paper to the 
required length. The piece of paper is drawn over the loaf, which is raised by two curved arms travelling on a vertical endless chain. 
The loaf, with the paper, rises into a chute where a projecting piece of metal on either side makes the first fold, the inwardly bent sides 
of the chute folding over the paper at the sides. Arriving at the top of the chute, four slides, which are made to move to and fro by 
cam wheels, take the loaf off the curved arms, which drop back through a slit in the chute to travel round and up again. The slides go 
underneath the loaf, folding the paper under it and holding it up for just the fraction of a second, in which time another paddle comes 
round on an endless chain at the top of the machine and forces the loaf on to a table. A paddle carries the loaf before it, forcing it 
between two curved metal projections, which are heated by electricity. The table is also heated, and the waxed paper is momentarily 
melted and stuck at three places, that is at the sides and underneath. The paddle then forces the loaf into a delivery chute. The 
sketches for this drawing were made by courtesy of Messrs, J. Lyons Sc Co., Ltd., at their works 
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The chamois of the Alps and otter European „ ® ‘fjl^thold ateVo rta^d onT‘^%m^}*space!*° Th^y seen, 



Wdnders oF Animal &Plant Life 


THE NIMBLE CHAMOIS OF THE ALPS 

The chamois is the most interesting of all the wild mammals of Europe. It is of course found in other 
European mountains besides the Alps, and it is also found in Asia Minor, but it is chiefly as an Alpine animal 
that we think of the chamois. Here we read many interesting facts about it 


P ICHHAPS the most notable tihiig 
about the chamois is its extra- 
ordinary suro-footediK'ss. Tt ('an 
k-aj) from crap to crag in an astonishing 
way, n(*ver missing its It^othold, and it 
can bring its four hoofs so (losf‘ly 
t(^gother tiiat it can actually stand u]K)n 
th(‘ spacer of a 5s. piece, or a circle 
rather more tlian tlie dianuHtT of 
a lialt-crown 

S(nne people think of the chamois 
as a goat, hut it is r(‘allv an antt'lojx*, 
although in size and aj>j)earanre it is 
something like a goat. Jt stands about 
two feet high at the shoulder, and a full- 
gmwn buck weighs about 65 pijunds, 
hut sp 'Cimens ha\’(‘ been shot weighing 
moK' than a hundnslweight. 

Both sexes li.ivt* hl.ick horns, seven 
or eiglit iiK'hes in length, although 
sometimes these are as long as a foot, 
and in the male thi'v 
are lather thicker than 
111 tht‘ lemale 

The cliaiTiois is very 
strongly built and lias 
long and stout limbs. 

Its liair, which is close 
.ind ratht*r long, witli a 
thick woolly fill mider- 
nis'ith, IS blown on the 
b.H'k and lighter btdow^ 
but 111 wintiu’ it ( hanges 
( oloiiT and gets longiT. 

It be 10 UK'S almost 
black, and in Dei eniher 
is tlir(*e tunes as long as 
it is in 1 lily, so that 1 he 
animal in wintei looks 
(juite burly. 

A Beard on the Back 

Then along the b,u k- 
bone (»f the male the 
hairs in wanter grow' 
very long indeed, and 
stand uiiright, waiving 
IT) t he w'lnd T hey t hen 
foini what is known as 
lh(‘ “ beard." much 
pnzeti by t o u r i s t s , 
many of wTiom ignor- 
antlv supjiose that it 
grow's on the iow’er jaw% 
lik(‘ a billy-goat 's heard. 

The tips of the hairs in 
this “beard" are white, and the hairs 
are sometimes as long as nine inches 
Jt is unfortunate that the fine bucks 
bearing llie best s|)ecimeTis of these 
much-sought trophies an? piiked out 
for shooting by sportsmen. 

The chamois show^s much curiosity, 
and one Alpine sportsman tells us that 
he has seen a kei'per with a black cloak 
thrown over his body, and moving 


about on his hands and knees, gradually 
b(*gude a three-yt'ar-old buck to come 
close up to him. This is a w^ondertul 
arhio\’cment. for the chamois is not an 
animal that it is easy to approach 
closely. 

T he chamois found in the Pyrenees, 
which is know'll as the izatd, is really 
only a smallei form of the Alpine 
(Tnmiois. In Iht' ('aucasus tin* arniual 
is know'll as llu‘ atchi. lJniortnnat(.*ly, 
owing to tlie exfiloits of sportsnu'n, 
the c Iiamois is becoming ran' m the 
Swiss Alps, though in the Jiastern Alps 
it is more common. 

The idea that the chamois lives only 
at great heights w Iktc there an* glacit'fs 
and snowy p(*aks is (jiiite mistaken. A.s 
a matter of fad, it is really a forest - 
dw'clling animal, and mo.sl cliamois live 
Irom year's end to year’s end within the 


limits of the forest. During summer, 
howi’ver, a certain numbor go lor a few 
weeks or months up into the heights 
among the glacitus and snowTuTds. A 
short spell t»f severe weather will R(xm 
drive them back to the shelter of the 
forest. 

The chamois is a social animal, and 
loves to live in herds. Fifteen or twenty 
are often seen at a time, and they 


appc'ar to ged a gr(*at deal cd fun out of 
leaping from pinmu'le to pinnacle, and 
also in *-hihng, 01 glissa hng, as it is 
called, down) the snowy slojic's. 

The animals sh'c*]) during the night, 
but an* awake and out t(‘(*ilmg bv the 
first glimmer ol dawn. TTien wThmi tlu* 
Sun IS up at midday llu'v retire to the 
shade and In* down till evening, when 
thev oiu (* moH' st‘t out to f(*<*d TTic*y 
liv'e principally cm tlie lichens and 
scanty herbage of the moiintam.s 

Ian the greater part of the* year llif* 
old biichs live ajiart from the Hocks 
but at the pairing season they once 
more join tlie flocks and s<x>n dnvi* 
away the young bin ks Oltcm they wall 
(‘Hgago in fierce* ('ontests w'lth otlier 
iTiak's, blitting one another with their 
h(‘ads, and sonu‘times scmdmg an eneinv 
huilhiig over the pK'cipice. 

\Vii(*n alannc'd tlu* 
cTiamois gives a shrill 
whistle*, and the whole 
flock will then s(*t (HI 
ra]>idlv for satety. 

Balancing Power 

T’hat th(‘ wonderful 
pow(‘i of balancing tlie 
l)ody and tin* ability of 
measuring distaiu'es by 
the* c*yi* with mi(*n mg 
eertainty wdiicli the 
c hamois jiossesses are 
natural ianillies inher 
eiitin thcNiTunial.andare 
not tlu* nisiilt of tram 
mg, is ceitam. JCven 
the youngest chamois 
are able to follow tlieir 
parents’ lead, and the 
nionu*nt they jiosse.ss 
the iK'ce.ss.iry strength, 
w'hich IS soon afti'i 
birth, tliey can Ic.ip 
Ircjin crag to crag, and 
balance tliemselvc's on 
a pmtUH It* III the same 
way as their (*lders 
TJw* young i.ivvns, 
which are born m May 
01 June, are able to 
follow llicir dams al- 
most anywTu're w hen 
but a (lay old, but it is 
lliret* years befou* they attain th(‘ir full 
size. Of course;, tlus cxistencx; ot a 
chamois is a hazardous one, but it is 
believed that their lif(*ofttm extends to 
twc'nty or even twenty-live; years. 

(Occasionally a pine Ircic under W'hose 
branches the chamois takes shelter 
from the snow is borne down by the 
weight of SHOW, and the animal is 
buried and dies from starv^ation. 




A chamois in the Alps making its curious whistling sound 
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THE PINEAPPLE AND ITS SWORD-LIKE LEAVES 


iHfly who thouf^ht that pinc- 
I apples were picked from trees 
was very imich mistaken, as 
also was the mendiant who f f)inpl. lined 
to the pnieap})]<‘ ^row(‘r about the 
(picihtv ol the Innts hi* was reiT'ivin^. 
ih* dee la, led tliat they were “ wind- 
lalls,” "J'he pjriea[i[)le, ot nnirse, does 
not /jrow on to'es at all. but on the 
j,;round ni the inaniu'r shown in the 
])hoto».,T.iph on this paj;e. It is a v'ery 
interesting,' fruit, lor what vve call the 
iiuit is not teally one Iruit, Init a whole 
bunch ol fruits cliislered together. 

Idle t>niea])p1e is a native of South 
Aineni a, but il is now found f'rowiiiK 
in inanv otliei parts ol the w'otkl, as 


h'or many years rich people in 
lui^'land f<rew their own pineapples 
under j^lass, and very fine fruits they 
were It is said that an English ftrown 
pineapple is e<|ual to any tliat can be 
found in an>' part ol the w^orld. Nowa- 
days. howeviT, when fruit can be 
broiif'ht 111 sound condition from (?very 
part of the world, the Jashion of grow- 
mg pineapples at home has ilicd out. 

The ]niu‘apple is very sensitive to 
cold, and it does not like air that is too 
dry. Attempts liave been made more 
than once to grow it as a fruit crop in 
SoutluTii California, but file attempts 
hav'c had to be given up, and in the 
United States it only flonri.shes in the 


badly. The men also have to wear thick 
mittens or gloves. 

As the fruits are cut they are placed 
in bag.s carried by the harvesters or are 
thrown to other men outside the rows, 
who catch them an<l lay them carefully 
in crates. 

As in th<» case ol oranges, lemons, 
grapedruit and bananas, the pineapples 
are gathi^red unripe and they ripen while 
in iransit to their destination Those 
who have tasted a pineapple gathered 
ripe in the fields tell us that there is 
no comparison between its delicious 
flavour at such times and the taste ol 
the fruit gathered unn|X5 and allow>ed 
to n])en afterwards. The same applie*- 



This photograph of a pineapple plantation in Florida shows how the fruit grows on a stout stem about a foot from the ground, and is 
surrounded by sharp, sword-like leaves, from which the fruit-gatherers must protect their hands and legs with coverings 


in the West Indies, the Hawaian 
Islands, Africa and Asia. It can also l>e 
grown in greenliousifs in Kiiroy>e. It is 
said that the pineapple w'as first found, 
by luiropeans, growing in Brazil, and 
that it was c.arried from there to the 
West Indies, and thence to the East. 

It is not known exactly when il first 
came to England, hut there is a painting 
in existence showing King Charles the 
Second being presonterl with a pine- 
apple by his gardener, and tnulition 
says that this was the first pineapple 
ever grown in England. That, how- 
ever, is believed to be a mistake, and 
probably the pineapple presented to 
the King came from Holland, where 
the fruit was known some time before 
it was iniroductid into England, 


lower ]>«irl of Florida, where they have 
no frosts, and where the air is very 
wet and liuinid. 

Tlio pineapple i>lant 3 are grown in 
rows on little hillocks, and each plant 
hears its one fruit head on a stout 
central stalk raisc<l about one foot 
above the ground. The fruit is sur- 
rounded by long, thick, sword -like 
leaves which have sharp prickly edges 
and are almost like a dagger at the tip. 

When the pineapple fruits are 
gathered they have to be cut off the 
stem with a short hooked knife, and 
the men w^ho gather them must wrap 
their legs round with thick cloth. 
Usually carpet is u.sed for this purpose. 
Otherwise the pickers would get their 
trousers and legs cut and tom very 


to the other fruits named which are 
gathered unripe. 

The pineapple plant is not nowadays 
miiUipUed by means of seed, but by 
suckers or ofisets that spring out around 
the base of the stalk Jind are taken and 
planted in the soil. The wiki pineapple, 
however, produces seeds. As the plant 
grows from the r.entre of the leaf cluster 
there rises a short stout stem whicfi at 
the dowering season produces a conical 
spike of flowers surmounted by a crown 
of small, spiny leaves. The l>ernes 
which succeed the flowers grow together 
to form the fruit head we know so well. 

The leaves yield a very strong fibre 
from which the people of the Hiilip- 
pines make their celebrated pina, or 
pirn apple cloth. 
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GIANT CRABS & LOBSTERS OF THE DEEP 
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in the left-hand photograph was caught in a cray-fish pot in AustrSfan water A the world iwme giants are found. The crab 

strong that it broke four metal wires of the oot ^The lfh^^^ measured 3 ft. 10 ins. across the claws and was so 

u merai wires ot the pot. The lobster 0n the right was caught in American waters and weighed twenty pounds 
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loot This « not used, however, primarily as a ww^rof “tt« “ & ?he mis wss^ ““ 

coloured, the waving is supposed to be a courtship Iplap to attract 



The human body is the most wonderful thing in the universe. It is the most efficient of all machines, and unless it is damaged or 
spoilt by accident or misuse it goes on doing its work perfectly day after day, till at last, like all material things, it becomes worn out. 
But the machinery of the human body is extraordinarily delicate, and the more we know about our body and realise this fact, the more 
careful we shall be to see that it is not misused in any way by wrong living. We are often told that the heart which drives the life- 
giving blood through our bodies is an engine and pump, and that the stomach is a furnace. But when we look at a chart like this 
one showing the organs, it is rather difficult to realise that we are looking at a furnace, a pump, and other machinery. The picture- 
diagram on the opposite page will make the matter clear and vivid to our imaginations. By comparing the two pictures we shall see 
that it is no mere fancy or exaggeration to describe the human body as a great and wonderful factory. Perhaps the most marvellous 
thing about our body is the perfect way in which its various parts all work together. If any part gets out of order and ceases to function, 
as, for example, if we eat unsuitable food, thereby supplying wrong fuel to the furnace, or if we breathe bad air, so that the furnace 
cannot get sufficient oxygen for combustion of the fuel, then the whole factory becomes disorganised, and we say we are ill. We 
notice how the whole body is built round the bones of the skeleton in the same way as a factory is built on a skeleton of girders 
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THE HUMAN BODY SHOWN AS A FACTORY 



In this picture, which corresponds to the form of the body, we see the functions of the various parts and how closely they correspond 
to the parts of a factory. A factory would be useless without some directing head, and our skull is like the managing director’s 
office, for it is from the brain inside that all the work of the human factory i.s directed. There must be a telephone exchange so 
that messages can be sent to the right departments, and this we get in the lower part of the brain and the spinal column. Our eyes 
are like the windows of the office. Then the factory mu.st be properly ventilated, and fresh air is taken in from outside through 
openings, as our body does through nose and mouth. To keep the machinery of the factory going there must be a furnace and 
engine, and so in our body the stomach and intestines form a furnace that tpust be supplied regularly with suitable fuel. In a factory 
the fuel is shot through a hopper and directed to the furnace, the coal being crushed to a suitable size. In the human body food, which 
is the fuel, is taken in through the mouth, broken up by the teeth, and then passes to the stomach, the unconsumed ash being disposed 
of. The lungs are the bellows that supply a sufficient quantity of oxygen for combustion, the heart represents the engine and pump, 
and various intricate chemical operations that go on are carried out in the laboratory, which consists of the kidneys and liver. Our 
arms and hands are like very powerful cranes and grabs for lifting or grasping things and moving them about 
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THE INSIDE OF A HEN AS AN EGG FACTORY 



This photograph shows a large model of a hen which has been exhibited in different parts of the country to illustrate the way in which 
the eggs are produced. From the bird’s brain a telegraph llne» representing the spinal cord, runs to different parts of its body to carry 
messages. The entrance to the windpipe is represented by a pair of bellows, the heart is shown by a double pump, and the gizzard by a 
grinding machine. The parts of the hen’s organs which produce the egg are shown as a series of chambers. In the first the yolks 
arc being made, in the second department they are wrapped round, in the third chamber the white is pumped into the enclosing membrane, 
and, finally, before the egg is ejected, the outside is being plastered with material to form the outer shell. The model is called ” The Egg 
Factory,” and it is interesting to compare it with the picture-diagram of the human body as a factory shown on pages 746 and 747 

HOW THE TEASEL KEEPS OFF INSECT THIEVES 


common tca.sci which is to he 
seen gnawing abundantly in 
many ])arts of Southern Eng- 



land, but less frequently m the North, is 
a verv picturesque plant. It grows to a 
height of from three to six feet, has an 
erect prickly stem and large bright 
green leaves wbii li ire prickly under- 
neath. Tile llower heads are vcp’ 
striking, b(*ing large and conical anti 
covered with straight bristle.s. They are 
lilac in colour, and later develop into 
stiff seed heads, which we sometimes 
see dyed various colours and put into 
v'asc's by wav of decoration. 

The fuller's teasel, a cultivated 
variety, is similar, but has a more 
cylindrical head, with hooked bristles 
It is used for dressing cloth, and al- 
though machines to do the work in 
imitation of the teastd have been made, 
no satisfactory substitute for teasel 
dressing has yet been found. 

But perhaps the most interesting 
thing about the teasel is that the pairs 
of leaves have their lower parts joined 
to form a receptacle in which rain and 
dew gatlier, having run down the stem. 
In these little lakes various creeping 
insects are caught and drowned, and 
are thus prevented from crawling up the 
stem to steal the honey in the flowers. 
The honey is thus preserved for flying 


insects, which will help the plant by 
carrying pollen from flower to flowi r 
and thus do the work of fertilisation 
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The common teasel which grows wild in 
many parts of England 


Another species of teasel that grows wild 
tn various countries of Europe 





THE KING WHO HID IN AN OAK TREE 

The adventures of King Charles the Second after his defeat oy Cromwell at the battle of Worcester form a 
great romance as thrilling and exciting as any novel* and here the story is told with a great deal of detail. 

Few monarchs have ever experienced such ups and downs of fortune 

L awlessness always b(‘gols lawless- been staim'd with “ injustice, delays ot Parliament. Corrupt, unjust persons ; 

ness, and after Charles tlie First justice, and self-interest.*' ’ scandalous to the profession of the 

had lost his head through break- A Meinl>or interrupted “It is Gospel How can you be a Parliament 

ing the law, those who seized the power stnuige language, this/’ he said, “ iin- for (kxl's |>eople i Depart, I say, and 

were compelled to hold it illegally usual within tiie walls of Parliament let us have done with you In the name 

Oliver Cromweirs army had been and from a trusted servant too, one of (iod, go." Then going up to the 

created by the Parliament, and for a whom we have so highly honoured, and mace, the very symbol of Parliament's 

time Cromwell tried to keep up the one " He was unable to finisli his autliority, Cromwell said. “ What shall 

pretence that the Parliament was sentence, for the Lord-General Croin- we do with this bauble ? Take it 

governing England, but when the well stojiped him. away," and. lifting it, he handed it to 

Members would not carry out his orders ' We have had enough of this ! ” he a musketeer, w'ho carried it off 
he found that Parliament must bo exclaimed “ 1 will put an end to your Seeing resistance was useless the 

dispensed with altogether So one day prating." and stepping forth upon the Members passed out, (VornwTll de- 

lie went down to the House of Com- floor of the House, he stamped his foot. noiincing many of them individually its 

mous of which lie was a Miunbet, " It is not fit that you should stay here they went. 

dres.scd not as a soldier, but in plain any longer." he said. “ You liave sat* “ Jt is you that have forced me to 

black cloth and grey worsted .stockings too long for any good you have be en tins ! " he exciainied, and going out he 

He took with him a body of s(»ldiers, doing lately You shall now give place locked the dooi and took tlic key. 

and, leaving tlio troopers outside, he to better men." Then, turning to a It was the end, for the time bcung, of 

entered the I )ebating Chamber and sat fellow officer. Colonel Harrison, he the Long l^irhament, wliich only 

down. After listening for some time to said, “Call them in," and Harrison gave reassembled after Cromwell’s death 

the debate, he ro.se in his place and a word of command which caused some During the night some wag fixed a 
began to .speak. twenty or thirty musketeers to enter papiT to the door of the Parliament 

lorst of all lie ]m\ist‘d the Parliament with weapons ready loaded for use. House bearing the W'oids “ This House 

tor the care it liad shown in Icxjkiiig “ You call yourself a l^arliament ! " to Let." 

after the ])ublic good, but .soon cliang- said Cromwell ifi'blazing tones. “ You Soon afterwards Cromwell was made 
mg his tone, he declared that it had are no Parhaittteit. 1 say you are no Lord Protector, and altliough he tried 



Charles discovefing himself to Colonel Windham's family after his defeat at the battle of Worcester. From the painting by Stothard 


749 




ROMANCE OF BRITISH HISTORY 


to rontiniK’ the outward forms of 
rarluiniciitiu y govrrnmrut he inon* 
than orue disscjlvcd Paiiianienis that 
htr sinninonctl vvht'n lu_* found llu* 
Mcinlnrs would not olK'y him Hut 
thou^di Cn^inwrll rulod with a hif^h 
h.ind It must always ho rtirnombered 
that, uiihlvo the Stuart kin|:js, ho mado 
his (’oiintry foarcd and respoctcd 
thiou):;hout F^airopo Whon the Duke 
id Savoy eruelly ]>rrseruted his Vaudois 
suhji^ets heeaiiso oi thoir religious 
vu*\v^. and Milton wrote his famous 
poem h('f,mmin.^ 

Avofiijr, () herd, tl)V slaughtered saints whose 

t)ones 

I w si.uliM-rd oil the Alpine mountains cold. 


chuiouncing his late fatlier and his 
inotlior in their sermons and prayers, 
hut they compelled him to sliow 
apjiroval of such denunciation. 

The Prince wiis a ^leat pleasure- 
lover, and even amid his strict sur- 
rounduiji^s tould not altogether act tlie 
hypor rite On one occasion he fdayi^d 
can Is on a Sunday and was seen 
through an 0 ])en window hy a shocked 
lady, wlio informed her minister Phe 
minister went across to rebuke (diaries, 
l)ut the worthy man must have had a 
sense of humour, for alter a. long and 
stjvere admonition he added, " Wlien 
your Majesty wishes to indulge in card- 
playing or the like uiigoillv recreations 


It is foi aught I know a crowning 
mercy ” Certainly Ooinwtdl never 
again had to fight a battle in England. 

What happened to Charles after the 
battle of Worcester ? W'ell, he escapi'd 
from the scene and eventually made his 
w.iy to France, but before doing so had 
some of the strangest advent ure.s which 
hav(‘ ever happened to a king 

For six W('eks he wandercnl about m 
the west and south of England, hiding 
in unlikely places and facing the risk 
of capture by his enemies every dJiy. 
Only the loyalty of a few subjivts, 
some of high rank and some of very 
humble station, saved him. Large 
rewards were ottered to any wlio should 
capture the fugitive, and 


('roni\v(‘ll si<‘rnly told the 
hVi'ni h Minister, t'ardiiial 
Ma/ann. that if he wanted 
pi'are with J^aigland this 
pel sec ut ion must stoj) 

Ma/ann at once- saw to it 
tliat th(' Duk(‘ of Savoy 
c<*a,s('(l his jv-rsceution and 
gave his subjects liberty of 
worsliiji No Stuart king's 
word. e!th(‘r befoie or altei 
( ioin\v(‘!l, ev<‘r had such 
weight in tile uiunsels ol 
Fuiope. 

M 4i n w In I e , what was 
happening to the young 
Prince of W^'lles, Charles the 
lorst’s ('Idest son, who later 
came to tlie throm* asC'harles 
1 he SiH'ond 

A Crown (or a Promise 

lie was a pi'iiniless exile 
on the ('ontinent, afraid to 
put a. foot in England so 
long as ('romvvell lived In 
th(' yeai 1 o 1 1 o w i ii g his 
father's execution he had 
gone to Scotland, where he 
fiad be(*n poxlaimed King, 
and vvas crowned at Scone ; 
but before the (oremony 
look place the Si'ots had 
('xactcxl all sorts of jirornises 
fiom t he young prince, wliicli 
lu‘ certainly iievtT intcnd(;d 
to keep 

At this time, when he was 
ninetec'ii years old and over 
six feet in height, lie is de 

scribed as ugly, dark and ruarles hi, 
h.ury, witli a long nose and 
large, hrow'n eyes, I h' was 
poorly educated and had 
little money, but he was blessed with 
])lenty of wit and a good deal of 
natural ability. 

The St ots made fiim promise to be a 
Presbyterian and to live according to 
their strict and gloomy rules. W^her' 
ever he went he w'as watched to see 
that he behaved properly and was 
constantly scolded and preached at. 
He had to spend hours in church at 
long prayers, and was compelled to 
observe tlie Sunday more strictly than 
a Jew observt^s the Sabbath. Even if 
he smiled on Sunday he used to be 
reprimanded by his Scottish supporters, 
and not only were they constantly 



Charles hiding in the oak-tree at Boscobel while Cromwell 
vainly hunt for him below 


you must take the precaution to — shut 
tile window." 

Cromwell marched into Scotland and 
defeated the Scottish army at Dunbar, 
charging into their midst with the cry 
" Let Ood arise ; let His enemies be 
scattered ! " Then after a visit to 
Edinburgh he pursuetl Charles and his 
army into England and indicted a 
crushing defeat on them at Worcester. 

The Scottish army was absolutely 
destroyed and most of those who were 
not slain were taken prisoners and later 
sent as slaves to Barbados. " The 
dimensions of this mercy," wrote 
Cromwell, " are above my thought. 


during the six wee ks he was 
m hiding he was in the midst 
of people who would gLidly 
have given him up to win 
tlie nmnvy nficred for lus 
c apturf* 'riiey weie danger- 
ous and exciting oxjx’rienees 
that lu‘ went flnotigli, iuid 
in after years he loved to 
fell the story. But we arc 
antieijiating. 

Cliarles had b(‘h.i\'(’(l with 
great gallantry at Wor- 
c(!stt*r, anti one of his olfitt^rs 
wrote, “ C t'rtainlv a bra\er 
prince never hvt'd, liaving 
ill the day of the fight liaz- 
arded Ins person much mr>re 
than any othei oificer of lus 
army, riding Irom regiment 
to regiment and le a ding 
thiun on upon servu'e witli 
all the (‘iieourageiiient that 
the example and exaltation 
of a magnanimous general 
i oil Id alford " 

The Flying Scotsmen 

He (‘ve.n tried to rally the 
Scottish Horse after the 
rout, but nothing eould st.iy 
the flying Scots *’ Mcui 
who had disserted me when 
they were in good older," 
said ("hades later, " would 
never stand to me when they 
liad been beaten," and alter 
the day was lost and (diaries 
and a few companions tried 
to make their way to Lon- 
, ... don before news of the de- 

s somiers could reach the capital, 

tht‘y found the greatest 
difficulty m detaching 
themselves from the stampeding Scot- 
tish cavalry With some sarcasm Charles 
said of them, " Though I could not get 
them to stand by me against the enemy, 
1 could not get rid of them now 1 had 
a mind to it." 

However, with about sixty gentlemen 
and oflicors he slipjied away from the 
Scots under cover of darkness and 
made his way to Whiteladies, a house 
belonging to a Roman Catholic family 
named Giffard. Several branches of 
the family lived there, and a number of 
other people, including two servants 
named John and George Penderel. 
When, about three o’clock in the 
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morning, the King and his party arrived 
at Whiteladies and knockc'd on the 
gate it was George IVutlerel who 
answered the summons He saw in 
the party lus brother-in-law, Francis 
and asked “ What news from 
Worcester *’ 

“ The King is deleated and is here/' 
replied Vales, and thereupon the 
King and others flocked into tlu* hall 
The houseiioltl was roused and ,i meal 
o( ]>rcad, cheese and sack was provided 
'rh(‘n another of the Fenderel brothers. 
Kichard, who lived i los(‘ bv, was sent 
for and also William Penderel, the 
father, who w<is at another house 
owned by the Giftaids. known as 
Hoscobel 

It was decided tiiat (.‘harles nuist 
disguise himst'lf, and a rough suit ot 
clothes was procured, his hair was 
cut short with a knile l)v Lcird Wilmot. 
and his hands ,ind 
face rii]>bed with soot 
tak(*n l.om tlie cliim- 
ney. I'he c lot lies he 
donned inchidi'd a 
coarse shirt belong- 
ing to OIK' man, and 
l)H‘(‘ch('s of co.it s(' 
green i loth and doe- 
skin, togi'thia wnth a 
leather doublet be 
longing to another 

Bad Shoes 

All were thi* worse 
tor wear, and the 
grey stot kings he put 
on were very much 
(larnetl and liie shoes 
patched in many 
plants, 'I'he shoes 
iia,(l to be cut before 
Cliark's <'oujcI get his 
feel into them, and 
111 the next few days 
they chafed his skin 
so badly lh.it lie 
could liardly walk 
A long white stecfili** 
crowned hat with 
only grease for a 
lining, and both sitk's 
ol t h c b r i in s o 
doubled with hand- 
ling that they looked 
like two spouts, com- 
pleted his outfit. At least four men haci 
contribiitt'd to the King’s wardrobe. 

Fhe King’s hair had be<m so liackcd 
by J.ord Wilmot or, as the old account 
say.s, “ iintowardly notched “ that 
Kichard JVnderel had to trim it with a 
pair of sliears to make it less unsightly 
and noticeable. We are told that 
“ the King was pleased to take notice 
of Richard’s good barbering so as to 
prefer his work before my I^)rd Wil- 
mot’s, and gave him praise of it.” 

Charles’s own clothes w'crc buried in 
the garden, and he was then given 
lessons “ to alter his steps and straight 
body to a lobbing Jobson’s gait,” and 
to speak like a rustic. Then the 
various members of Charles’s party, 
realising it would be unsafe to remain 
together, left one by one in different 


directions, and Charles himself was 
led by Kichard Penderel to a co]>pice 
half a mile away, where he was given 

bill -hook so lluit if any saw him lliey 
might tlmik he was a mere pca.sant. 

Not long afterwards a p.irty ot 
Kouiuihcails galloped np to Whiteladies 
and asked it anything had been seen 
of the King They weie told that a 
troop of Horse liad called thi're three 
hours bi'lore and that Charles was 
with them, but that they had gone 
off immediately, and tliii Pendeiiil 
brothers managed cleverly to persuade 
the pursuers to coni nine their juurnt'y. 

C harlt's's po.sitioii was not a pleasing 
o/K', tor Ihougli tliere was no further 
alarm lor a time the ram poured down 
so constantly that he was completely 
soaked to the skin A meal ol milk, 
I'ggs and sugar was carried to him. 
and Charles continued to tak(‘ k'ssons 


in nistic speech, but he found it very 
diflTcult, and to accpiirc the habit of 
walking awkwardly w.as still more 
difficult. 

The next evening ("harles wa.s e.scorted 
to another house known as Hobbal 
Grange, where he was to pass as " Will 
Jones, woo<l“Cutter, newly come thithei 
for work.” He sat down in the 
kitchen by a warm fire with a little 
child. Nan Penderel, on his knee, and 
watched his hostess frying eggs and 
bacon for supper. 

Charles ha<l intended to go to I^ndon, 
but he now altered his plan.s and dciter- 
mined to cross the Severn iiPo Wales. 
With Richard Penderel Charles started 
on foot at nine o’clock at night, but 
when they had gone only tliree miles 
they saw a white figure in the doorway 


ot a mill who called out. “ Who goes 
there ? ” It was the miller, and 
Richaid replied “ Neighbours going 
home ■’ 

“If you be neighbours, .stand,” cric'd 
the miller, bul ('liurle.s and Kichard 
Penderel at once took to their heels, 
whereupon the miller called out 

Kogiuis ' ' and a p.irtv ot men coming 
liom the mill gave ch<*sc 

We fell a-ninrung/' says Cliarles in 
telling tlie story, “ lioth ol us up ih<‘ 
laiK! <is long as we could run, it being 
very steep and very dirty, till at last 
I bade him (Ku luird) leap over a hedge 
and Ik; still to hear if rinybody lolloweil 
us ” 

'fhey \v(‘ie not pursued, foi the miller 
had been as frightened as they were* 
He was a Royalist supporter, and had 
some lugitive Royalist soldiers hidden 
in the mill He I'lad mistaken ('harles 
and Ins companion 
lor (’rom well's men 
In du(* c (> n r s e 
Charles and Richaid 
recU'h(;d the house of 
a K o y a I i .s t sup- 
porter, Mr Wolfe .it 
M a d c 1 e y . but 
leariK'd to then dis- 
may that I’.ii hament 
s o 1 d 1 r s were 
stationed in tlie dis- 
trict an<l It was un- 
safe to go larther 

Over the Water 

During the day 
Charles hid m a barn, 
and at night after a 
meal, prepared to 
return to Hoscobel 
Mrs Wulle st.uncil 
his fai'e and hands 
with the juice ot 
walnut leaves and 
her husband gave 
him a pair ot green 
yarn stockings wliich 
he Imped would chafe 
the King’s feel less 
than the rough grey 
worsted st^ickings he 
had on. 

At eleven o’clock 
at night tlu* pair 
started lor Boscobcl 
Not wi.sliing to meet the miller again, 
Charles decided that it would be beltirr 
to wade iicro.ss the stream that lay in 
the w.'iy instead of going by the bridge, 
but Richard, who thouglit this " a 
scurvy river not (’asy to be pas.scd,” 
hesitated “ Upon which,” says Charles, 

“ we went over some i loses to the river- 
side and I, entering the river first to see 
whether I could myself go over who 
knew how to swim, found it but a little 
above my middle, and thereupon taking 
Richard Penderel by the hand 1 helped 
him over.” 

The King’s feet were now so sore and 
liis stockings so full of sand that he 
could hardly w.ilk. So great Wc\s his 
pain that he actually sat down on the 
ground and implored Richard to go on 
alone, declaring that he would rather 



Cliarles disguised as a man-servant riding with Jane Lane after his defeat at the 
battle of Worcester From the painting by Ward in the House of Lords 
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die than walk another step, but 
IVnderel stuck by him and persuaded 
him to struggle on as far as Whiteladies 

Then they continued to Boscobel and 
arrived there about three o'clock in the 
morning Charles waited some little 
distanett away while Richard went on 
to see if any soldiers were in the house 
Not long afterwards Richard returned 
with a Colonel Carlos who had done 
gallant service at the Battle of Worces- 
ter The comrades entered the house 
where Charles took " a posset of thin 
milk and small beer/’ while his feet 
were washed and his shoes and stockings 
dried 

It was realised that at any moment 
I^iirliarnent troops might come to search 


for concealing him was death without 
mercy, while the reward for discovering 
him was '* one thousand pounds certain 

Ifumphrcy PenrlereJ who had ob- 
tained this news, put the King at his 
ease by deck'iring that even if the reward 
were one hundred thousand pounds the 
King would still l^e safe with him and 
his family That night Charles rested 
in a secret hiding place in the house, a 
recess in the chimney-stack, but he 
slept “ very incommodiously, with little 
or no rest, for that the place was not 
long enough for him,” and he rose very 
early. 

The King, who had eaten very little 
during the last day or two, suddenly 


the frying pan, and we are told the 
incident ” yielded the King a pleasant 
locular discourse after his return to 
France when it amounted to a question, 
a very difficult case, who was cook and 
who was scullion.” When his friends 
could not agree Charles declared that 
he himself had been both. 

Some time afterwards William Pen- 
derel offered to pay the price of the 
sheep to Staunton, but when that 
worthy understood that his beast had 
been taken to relieve the wants of dis- 
tressed cavaliers, he generously de- 
clined to accept anything. 

It was unsafe to remain at Boscobel, 
so on the Monday the fugitive set off 
accompanied by some of tlie Penderels 


the house and it was, 
therefore, decided that 
Charles and Carlo.s should 
go and hide in an ivy- 
covered oak which stood 
sonic distance away in 
tJic w(mkI By means of a 
ladder the King climbed 
on to a high bough with 
the Colonel, a couple of 
pillows were handed up 
to make their sojourn 
more comfortable, and 
they had also some bread 
and cheese with them. It 
was a good thing that 
Charles hid in the oak, 
for not long afterwards 
soldiers arrived to search 
the wood. They were skil- 
fully diverted by one of 
the Pcnderel women. 


Pinching the King 

Charles, who was ex- 
hausted by his three 
nights of hardship and 
watching, fell asleep in 
the Colonel's arms, and 
we arc told that he slept 
so long and so soundly 
that the Colonel became 
numbed by his cranqH’d 
position. He was afraid 
that he might let Charl(?s 
fall from the tree, and yet 
lie feared to speak loud I 
enough to wake the king 
lest the soldiers scarcliing 
below should hear him j 
I le wa.s, therefore, . . 

” strained to practice so Well, said 
much incivility as to pinch 
His Majesty to the end 
he might awake him to prevent his 
pressing danger ” 

It wiis a queer position lor a king, 
and his sojourn in the tree has been 
commemorated annually ever since, on 
.May 2 t)th, liis birthday and the day on 
which he entered London when restored 
to his throne It is called Oak-apple 
Day, and many people still wear a 
sprig of oak to celebrate the occasion. 

At evening Charles and his companion 
returned to the house and learned that 
a colonel of the Commonwealth Army 
had been making inquiries at White- 
ladies, askir^ if the King had Ix^en 
there and pointing out that the penalty 





Charles, ** if the rogue be taken he deserves 1 
to which the smith agreed 

had a longing for mutton, but the 
Penderels possesse^d no sheep of their 
own and they were afraid to buy one in 
case the curiosity of their neighbours 
should be roused. They, therefore, 
decided to go out and steal a sheep from 
the flock of one Staunton, who rented 
part of the Boscobel estate They did 
so, killed the beast and brought a leg of 
mutton to the King. 

Charles wa.s delighted, and himself 
cut some collops or slices from the leg, 
pricked them with the knife-point and, 
calling for a iiymgpaui and butter, fried 
the meat himsell. Colonel Carlos 
turned the collops while the King held 


for Mosley Hall, which 
was occupied by a Mr 
John Whitgreave, a 
Royalist supporter. 

Loyalty Rewarded 

Charles took leave of 
the faithful Penderels 
declaring” if ever I come 
into England again by 
fair means or foul, I will 
remember you,” and it is 
interesting to know that 
lie ko]>t his word, for he 
granted to them and their 
descendants for ever a 
pension, and members of 
the lVnd(‘rcl family in 
Amcru a and Australia 
are still receiving this. 

The King's feet were 
so sore that lie had to ride 
to Mosley Hall. He had 
a roll of paper betweem 
each pair of toes to keep 
the skin from chafing, 
and wh(*n he arrived at 
the Hall a j>riest in hiding 
then; bathed his feet and 
anointed the b 1 i s t e i s , 
After a tune the feet 
were easier and Chark^s 
said he felt “fit for a 
fresh march.” 

It was arranged tluit 
Charles, disguised as a 
servant and an.swering to 
the name of Will Jack- 
.son, should ride with a 
Miss Lane to Bristol, and 
the next day he went off 
to be hanged, house of her 

brother, Colonel Lane, to 
start this part of his 
wanderings. On the journey to Bristol 
C'harles often forgot the y>art he was 
supposed to be yilaying, and Mistress 
Lane herself nearly betrayed the King 
by her deference hi his presence. 

During the early part of the journey 
the King’s horse cast a shoe, and the 
party had to halt at a smithy to get it 
replaced. While Charles was holding 
the horse's hoof he asked the smith 
” What news ? ” 

” Why, nothing,” said the man, 
” save that the Lord General have 
routed the Scots.” 

Charles inquired if any of the 
Royalists had been captured and was 
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toll! that some had been eaught but man are yon that do not know how to butler gave a start, gazing earnestly 

not " that rogue (.harles Stuart.'’ wind uj^ a jack ? " tit the King’s face. It seemed evident 

Perhaps, nSuggested Charle.s, he I am a poor tenant’s son ol Polonel that the butlei knew the idimtity ot 

hath got by the byways back into 1-ane in Stahordshiie," he replied. the visitor. He was kimwn to Ixr 

Scotland." " We seldom have roiist meat and when loyal and it was therefore decided to 

'* No,” answered the .smith, " that is we do we don’t use a jack." tell him the truth, so that h<' might 

not likely, lie nitlier lurk.s some- This seems to have s«itisficd tlw cook, not cause any nripleasant complica* 

where in bmgland, and 1 wisli I knew Tho party passed safely through tions, and he thereupon kisse<l the 

where, for I might get a tliousand Bristol and arrived at Abbots Leigh, King’s hand and protested his loyalty, 

pounds by taking him." three miles beyond the < ily wh<*re Attempts wen* imide to find a slop 

" Well," replietl ('harlos, " d the lived a. Mr. and Mrs. Norton, staunch at Lyme, Hrid]>ort or Southampton, 

rogue be taken he deserves to be hanged Royalists. The sceud of Aliss Lane's to carry the King to I’^rance but 

more than all the rest, for bringing :ii atb'ndant was impartetl to them, but this was impossible as the only available 

the Scots." tlieir serv.infs were not inlormed. vessids at all these port.s had Ix'en 

” You speak like an honest man. ’ seized to take Cromwell’s soldi(?rs 1o 

cried tlio smith, «ind they partetl good The Man Who Knew the King Jersey. U was arranged, however. 

Inends, very pleasc<l with one anolhei L’hc next moianig m the buttery, that a shij> sliould be uMdy at Shore- 

Near Wottoii the riiiers, v. ho. in wliile Charles v^as having breakfast h,itn to (sirrv the King across the 

addition to thc5 iving, c'onsi-.fetl ol with the butl<‘r and others, a man C hannel and Charles. thercMon*. went 

Mistress l.-.im^, her cousin llemv began talking about the* Battle ol to Shoreham, and .sto])]x'd tor a night 

La-s<‘elle.s, and her brother in- law and Worcester, and it vas ev n lent from las at Brighton, where he was rerogm.sed 

sister Mr. and Mrs. Petre, saw ahe.ul descnption that he had been presiMit. by the innda'e])er, wIm'^ suddenlv 

a parly of 1’arlunni‘nt soldiers Testing He Innu'd out to h.ive l>een a tniupei kissed Ins haml .and s<iul " Cod bless 

while they Ld their liorses. Charlc's of the King's regiment. Voiir Majesty wherevc'r yon go." 

and Mistress [.H'lne wantetl to go on " Have you ev'ci seen the King ? " (iomg aboard tlui King rested in a 

boldly, but the others were too terrified asked Chailes hammock. " But 1 was no sooner 

and they turned aside. Later they " Twenty tunes ’’ returned the' otluT. laid down." lie says. " tlian the master 

saw the trtwips again and had to jiass " What is he* like ? " askisl Chailes. came to me. fell down upon his knees 

right througli thcMr midst, but there was and the* man rt‘])hc‘d by giv mg an ex.nd and kissed miy hands lellmg mc’ he 

no interference. descnptKui ol the King as he appeared knew me very well, and w'ould vcuitun' 

At Stratford-on-Avon the Petri's at the battle. Then, he ailded, " The Ins Ide to -ic't me denvn sale in France." 

k'lt the party, w'hile the others went King is just four fingers’ breadth taller The W’lnd w'as fa'ourable, thepa.ssage 

on. At Long Marston, when* they tlhin you " of the C'liamiel W'as nuide .Srilely, and 

stayed the night at (ho house of a Cdiark's was anxious at the man’s tlu' King soon reached Rouen, whc'uce 

Mr. )ohn '^romes, Charles sat in the garrulity and made some excuse to he «le)»ivrted i<>r Ikans, nnvtmg Ins 

kitclien and the cook Ixide him wiiul Uww the buttery as soon as hc' lould. motbc'r, <hii*en llenn<‘tla, on the way. 

up flu* ro.isting-ja<'k. He startl'd Later, when passing Ihroiigh the d'hen, m ih(>o, he was wck'oiTU'd back 

turning it tlu’ wrong w<iy, U[H>n which ludi w'lth tlu* butft*r, In* liad toraist'his tc> Iciiglaiul to <*r('n|>y the* throne* of 

she dc'inanrlod angnb* " What ecaintry hat to Mrs. Norion. and at this the Ins lather, so long without an occupant 



King Charles the Second landing at Dover on his return from exile From the painting by Benjamin West 




THE PEAKS OF NATURE & THE PEAKS OF MAN 



This wonderful recent photograph of New York shows how the skyscrapers are spreading over the city and are rising to ever greater 
heights. The building with the spire on the right is the Chrysler Building, which outstripped a rival in height at the last moment by 
having the spire built up inside its walls and then having this structure hauled into position, to the astonishment of all beholders 
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WHY THE SUN SWINGS NORTH & SOUTH 

Our summers are warmer than our winters because in summer the Sun passes across the heavens higher 
uj) than it does in winter, and so the rays of light and heat come to us much more directly. In these pages 
we see the reason why the Sun is higher in the heavens in summer than in winter. 1 he picture-diagrams 

will help to make the matter perfectly clear 


A s the ICartli travels round the Sun 
its axis IS tilted at an angle ol 
23 A degrtM's troin lh(‘ perj)undieii- 
lar and tins lias a ninnl>cr ot striking 
ettects It causes tlw* inequality ot day 
and night at ditlcKuil seasons ol tlie 
year It results in tlii^ regions round the 
North cind South Poles having continu- 
ous da\ light lor nearly six months, and 
then continuous darkness tor six 
numtl s It also has th(‘ elt'ect ol giving 
ns, in the niirtluin half of the world, 
r oldei \V(‘athei when in winte.i vve arc 
tliiee iniilion miles nearer the Sun, and 
warmer wcMtJier wIkmi m snmm<‘r w(‘ 
are thr<M' million miles tart her away 
I'lns latter sciuns a very strange thing, 
Imt W(‘ see tlu* nsison for it later 

'r<^ get an idea (»l how the Karth 
moves loiind the Sun we can cany out 
a simple exp(Uinient Let us take a 
rf)nnd tub or kirge basin and lill it with 
w'ater In the centre 


tile h'ljuator would he at an angU* to the 
sui laoe of the water The water m winch 
tin' ball and tangerine repn‘s(‘nting tluj 
Sun and JCarth are floating is a pictuie 
of the plane or level in space m which 
the i'.arth tiavels roniid the Sun, and 
that jilane or le\ ’ ’ is called the Plane of 
tlie Kchjitic On the other haml, tlu? 
sine through tlie t.mgerme cut midway 
between llic top and bottom rcinesr nts 
Ilu‘ t^Iane or level ot the h'.ai Ill's 
('ipiator w'hich is at a slant to the 
ecliptic and is called the Plane* of the 
Lipiator 

The Plane and the Ecliptic 

rile word jdane, of course, simply 
m(*ans Hat or l<‘vel, aigl the word 
ecliptic was given to tlu* plane or level 
of tlie ICartli’s orbit Ixsause c*cli[)ses 
onlv occur when tlu* Sun, ICarth, and 
Moon are all in this plane 


on the ICaith and, turl hi'rmote, at all 
seasons of the year 

riitm at notin ot eveiy tlay m the 
year the Sim .it any tiarlKulai place 
would .ilways be at llu'samr 

point m lh(‘ heavtuis, and it winild 
always be verlit ally above sonu* point 
on the hapiator As it is we know that 
tin- Sun at noon m p'nglaiid, tor iii- 
slanei*, is nuu. h higher uj) in the sky in 
snmmtu' than it is in wunti’r, and so far 
from being always vertical above souk* 
point on the JCipiator at noon, this 
aetnally ha])pens only on Si'ptemlu’r 
230! and Maith 21st c.U'h yeai 

Owing to tli<‘ 1^11*1 h’s axis being 
tilted to the jikine 01 level oi the orbit, 
the northern half of the Larth is mcliiK'd 
towards lilt' Sun in sii miner and away 
Irom it 111 winter. The result ot this is 
that on June 2rst, when tluj NoitluTii 
lleinisjihere is inclined towards the 
Sun, his rays fall 


of tins liasm lt‘t an 
1 n d 1 a-rii 1) be r ball 
float 'riieii t.'ike a 
'^mall round taiige- 
iine and stick a 
knitting - no I'll le 
tlirough It fr(»m top* 
to bottom Now 
pul the tangerine in 
the wati'V at tlie 
cdg(! of t lie I sisin 01 
t ii i> and lilt t h c 
needle at .m .ingle ol 
about J pi degrcf" 
irom lh(' perpen- 
du'iilar 

Round the Tub 

A 1 low 1 11 g t h e 

mdi.i “ rublM F fiall, 
wliieli K'pK'sc'uts the 
Sun, to remain sta- 
tionary in the middle 
of 1 h(‘ w’at< r, gradii 
ally niovi' Pie tange- 
rine round the tub, 
keeping the knitting- 
needle at the same 
slant all the time 
and pointing in the 
same direction The 
tangerine represents 
the Eaith, and .is we 



We may prove for ourselves that the Sun swings north in summer and south in 
winter bv watching the particular part of the horizon below which it sets. This 
picture shows the same landscape in summer and winter, and we can see by the 
position of the house and tree the movement of the Sun between summer and winter 


vertically at noou 
not on the Equator 
but on another line 
going round the 
hail til, c a 1 h' d t h c 
'ITopic of Cancer 
This js 23 J d(‘grees 
north of the Etjiiator 

As the Year Goes On 

I'lien as tlu* y\‘.ir 
goes on the Siin'.^ 
ajipanuit tJ.ith across 
the sky, day by day, 
se<*ms to niov(‘ south 
until on I>(‘('iunber 
22nd, vv h e n t h c 
Northern hemi- 
sphere IS 1 n c 1 i ni'd 
awiiy from tluj Sun, 
Its rays fall verti- 
cally not on the 
ICquator but on the 
J'lopic of C apricorn, 
whu'li IS 23A degrees 
south of the Equator, 
r h 1 s a p p a lent 
tourney of the Sun’s 
Ii.Lth north and south 
of the Eiju.itor each 
year is due entiudy 
to the Eartli’s tilt. 

We may piove for 


move it round the water in tlie way 
descnlx'.d, it is a very good riqireseiita* 
tion of the. way the l .arth travels round 
the Sun. 

Now' if we draw round the taiigi'rine 
a line niiilway between tlie top and 
bottom to represent the ICqnator, a 
slice cut from the tangerine through 


Now il the axis ot the Earth were 
ujinght. that is pciqieiulicular to the 
plane of its orbit, .so that the ]cv(d of 
the ecliptic and the level of 'the Eartir.s 
<;qiiator were the same, things would he 
very different from what they are. 
Eor instance, day and night would 
always be the same length evcrywvhere 


ourselves that the Sun’s daily path thus 
swings nortli and south once every year, 
by means of two simple experiments, 
hdrst of all let us select some open sp.ice 
from which w'c can see the horizon to 
tlu; east and west. A school roof woulil 
be excellent, or if we are in f.iirly tlat 
country, a field. Now by means of <i 
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compass let us 
mark the four car- 
dinal pxmitsso that 
we sliall know 
when wc are look- 
ing north, south, 
t‘ast or west. The 
i)oint directly 
below the Sun at 
noon is south, an<l 
the j)oint below 
the Poh* Star is 
north riie points 
whore th<j Sun rises 
and sets on March 
2 1st and Septf'Ui- 
ber 23rd are east 
and west rc.spec- 
1 ively, 

Kiuiwing the 
tlir<‘( lion of north, 
south, ea.st an<l In this pictur 
west, ltd us go into summer the r 
this open space— sphere is illu 
the root or the 
fitdd, or wliorever it may be— 
every ttui or fourteen days and 
note th(‘ place on the horizon 
wht*re the Sun rises and where 
it sets, and also if possible the 
position in the heavens where it 
IS at noon. W’e shall find that 
in winter the Sim rises and sots 
much farther st)uth than it does 
in summer, and its jiosition at 
noonday will also be lower in the 
sky, that is nearer tlie south, 
than It is in summer. In other 
words, wc shall have proved for 
ourselves that the Sun's apparent 
patli moves iiortli and .south at 
diUerent times of the year 

The Shadow of the Sill 

The other exjierimcnt is to 
elioose a room with a wdndow 
facing the south, then mark upon 
the floor every ten or fourteen 
days the place reachetl by the 
shadow of the window-sill at 
noon. We shall find that in 
summtn* this shadow is much 
iit‘arer the window owing to the 


///C iU-: t he ^ t h it / 

hot. LhtPti 



I 


More than huff the 
Nonhern hemtsphef^e 
fthjmmated 


Zej.v Chart half the 
.Northern hemisphere 
ihuminatfCa 




4 


Midsummer ^ ^ r Midtstnie 

How the Sun ocLurjiUj shines on the Larth 


In this picture-diagram we see in the lower part how the Earth’s axis is tilted so that in 
summer the northern hemisphere slants towards the Sun, and more than half that hemi- 
sphere is illuminated. In winter the slant is away and less than half is illuminated 




. ^ / ''I 






We can illustrate the movement of the Earth round the 
Sun by floating a rubber ball in a bath of water to 
represent the Sun, and using an apple for the Earth 


Sun being higher lu 
the sky than it i.n 
in winter when the 
Sun shine.s from a 

low position i« the 
sky, that is more 
slantingly, 

It is this sw'iugn 
i n g north and 
south of the Sim'.s 
apparent path 
?tcro>ss the .sky that 
causes the seasons 
Were the axis of 
the Earth perpen-^ 
(licular to the plane 
of its orbit there 
would be ?i a 
Spring, Summer, 
\ u t u m n , or 
Winter, for the Sun 
ted so that in would shine at 
ilf thathemi- exactly the same 
s illuminated angle at every 
c o r 1 e s p o n d 1 n g 
hour ut every day throughout the 
year. 

It is not our distance fiom the- 
Sun that makes summer and 
winter, for as we have seen we 
are three million miles luMrorthc 
Sun in winter than we are in 
summer. The ililTerence in the 
heat which wc receive is due to 
the slant of the rays, Th<' mote 
directly they shine the liotter it 
is, and the more sUuilingly tliey 
shine the less luMt they giw to, 
any particular ])oint. 

The Changing Spot of Light 

Wo can prove tln.s for ourst lvos 
by an ex[)'»rirnent. 'Ihrough a 
hole ill a dark blind or sluitter, 
lot a ray of sunlight shine upon a 
sheet of paper, striking it at light 
angles. A round sp.it ot liglit 
an the paper is the result. Now 
incline the paper, and inst<*ad ol 
a round spot there will be an 
oval patcli covering a larger area 
than when the paper was at right 
angles to the beam. But the 


.5 u n a p p e a r s h / q h e r 
m the ne ovens than 

m w ml cr 0 ^ e rh ead 1 0 


the io n doner- 



ha Mh hi Miiisuiv.mer - ^ _ 

CarChs poth round Sun 


Sun appeoro low 
Overhead tc ir: the. neciven\ 
the londoner with ray < very 



/ 

S a rt h at Ml dwui I rr 


In this diagram we see on the left the Earth at the midsummer of the Northern Hemisphere, and on the right its position at Inid^ 
winter in the Northern Hemisphere. The picture makes dear why in sununer the Sun appears much more overhead to a Londoner 
than it does in winter. As can be seen, the angle between the zenith and the Sun is less at mi<Uumnier than at midwinter 
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patch is not only larger, but 
less bright as the angle is 
increased. It is evident why 
this should be so. The same 
amount of light has to cover a 
larger area the more slantingly 
the rays strikes the surface, 
and it is the same with any ray 
from the Sun striking the 
Elarth. The more directly it 
shines the more concentrated 
is the heat and light. 

The zenith is the point in the 
sky immediately over our 
heads, and the nearer the daily 
path of the Sun approaches the 
zenith the greater Is its heating 
power, while as it recedes from 
the zenith its heat decreases 

Unequal Shares of Sunshine 

We can understand, tcK), that 
owing to the tilt of the Earth 
when the axis is pointing away 
from the Sim, as it is in winter, 
less than half the Northern 
Hemisphere is in tlie sunlight, 
but at the same time more than 
half the Southern Homisphorc 
IS being sinned ufxnc Then 
when the Earth has travelled 
round to the other side ot its 
orbit and the South Pole is 
pointing away from tlie Sun, 
less than half the Soutliern 
lleinispherc is in the sunlight, 
while mor(* than half the 
Northern Hemisphere is receiv- 
ing light an<l heat rays. This 
IS shown in the top picture on 
page 7.56. 

We know the E^artli's axis 
always jKiints in the same direi'- 
tion whatever part of its orbit 
the Earth may lx; 
in; that is the axis 
always remains 
parallel to itself, 
for the North Pole 
always pennts to 
tlH' Pole Star. The 
stars are, of course, 
such vast distances 
away tlrat the mere 
change from the 
one side of the 
orbit to the other, 

•i distance of only 
186 million miles, 
makes no differ- 
ence in their posi- 
tion so far as the 
Earth is concerned. 

We see the same 
stars alxjvc us from 
either side of tlu* 
orbit. 

While it is true 
that so far as we 
are concerned, and 
during our life- 
time, the Earth’s 
axis is alwiiys 
tilted in the same 
direction, it has this pict 
not always t>een situated, th 
so, nor will it passage acr 
always point in Of course. 


\w 




When the Sun’s rays fall slliilingly they* have to heat a 
greater area of the Earth’s surj^ than when they fall direct 
Why this is we can prove hyjtlie simple experiment shown 
here. Through a hole in a <U^ llind we let a ray of sunlight 
shine upon a sheet of paper, .11 we hold the paper at right 
angles to the ray so that |ight falls directly upon it 
the area covered by the ray % ^an be seen, much smaller 
than when we hold the pia^ at an angle, so that the 
ray strikes it more slantingiyi|g|jJ}hown in the lower picture 


Position of the 
Midday Sun 



1 ■. ' ... 







In this picture we see how in the Northern Hemisphere, in which the British Isles are 
situated, the Sun swings north in summer and south in winter. The result is that in its 
passage across the heavens it reaches a point much nearer overhead than it does in winter. 
Of course, the sun is never directly overhead except at certain seasons in the Tropics 


the same direction, that is 
towards the Pole Star. For 
the Earth as it spins round on 
its axis is something like a 
newly spun peg-top. We 
know how a peg-top not only 
rotates on its peg, but also 
slants or wobbles round so that 
its axis is constantly changing 
its direction. 

Well, the Earth’s axis is 
wobbling, if we may use that 
word, in the same way as the 
peg-top's. It is simply the 
wobbling of the great terrestrial 
top as it spins round on its 
axis that causes the tilt «)f the 
ICarth. If the laws which 
govern the wobbling of the 
peg to]> were to cease to 
Operate, the rotating ICarth 
would spill round in an ujifight 
position, and then the time of 
year winch is now our summer 
would b<; colder than th(* period 
which is now our winter. Men 
of .science call this wobbling of 
the .Earth on its axis the 
precession. 

The Earth Wobbling Round 

In about 12,000 years’ time 
the axis of the Earth, instead 
of pointing in the direction 
of the Pole Star, will point 
towaids the star Vega, the 
])rmcipal star in the constella- 
tion of Lyra. This hap])ens 
to be the })oint in the heavens 
towards which the whole Solar 
System is moving. In other 
words, in about 12.000 years 
Vega will be the Polo Star, and 
Polari.s, the present I ’ole Star. 

willbcina dilferent 
jiart of the heavens 
relative to the 
Earth. In about 

26.000 years tlu; 
Earth's axis will 
Jiave wobbled right 
roil ml and will have 
returned to its 
present direction 
once more. 

So far a.s any ap- 
preciable ditter- 
oucc is concenuMl 
the axis in the life- 
time of a living 
person remains in 
the same direction, 
yet thera is a slight 
change going bn 
all the time. In 

12.000 years, when 
the axis poitit.s in 
the opposite* direc- 
tion from that in 
which it now 
points, the North- 
ern Hemisphere 
will lie directed 
away from the* San 

kh Kks ar® '^t the time of vear 
U th« inT4 at which we now 
«s in winter, experience onr 
the Tropics Summer. 






A GREAT STAR CLOUD IN THE MILKY WAY 



This photogr^h, giyen by courtesy of the Mount Wilson Observatory, U.S.A., shows part of the ereat star cloud m th. 

brighte.t lirt of tSrmLrvfl^ A^onZeis Wie$S”th2?^1Se 

is the roution*th« k*** *‘*?^*'“ ^ * *“"* *>“'1 0* J’Sht is moy|n| round like a wheel round a hub. * U 

IS tne rotation that prevents all the stars at the nm being drawn into the hub by gravitation Sir tames leans evnUins that vra 

® number of stars by looking in^e direction of the hub tf the rirbeyond,^^^^^ flctThis areif 

Star cloud in Sagittanus is near the hub of the great Milky Way wheel. Sir James Jeans says that travelling at 200 miles a second 
our Sun. w.th .ts family of worlds, probably takes two or\hre/ hundred million yeirs to n^e a compfete^jour^ey «und thThUb 
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STAR CLOUDS AND STAR CLUSTERS 

The wonders of the heavens become greater the more our knowledge increases, and in these pages 
we read some marvellous facts that men have discovered about clouds and clusters of stars that are 
many thousands of light-years away from us. These discoveries are of comparatively recent date 


F or convenience of refereix e men 
have from the most ancient limes 
grouped the stars together into 
whal arc known as constcllati^ins If 
every star in the heavens wore regarded 
as an isolated unit it would be very 
difficult to refer quickly to a star, but 
by reckoning them in ilefinitc groups 
and imraberiiig or naming them in those 
groups, it IS quite easy to refer to any 
particular star or to find it it it is 
mentioned 

Tbit in addition to the groups or 
constellations, there arc other col- 
lections of stars which appear still 
closer together in the heavens. Some 
of th(‘se were known to the Ancients 
including one group, consisting of 
seven principal stars to be seen in 
the const(dlation of Taurus, or The 
Hull. It IS called the Pleiades, 
'fhe name comes froni a 

(Irei'k word meaning to sail, 

and it was given to this grou]) 
of stars because their rising 
»ibove the horizon indicat e<l 
the time ol safe navigation 
The cluster appears on the 
t*astern horizon in September, 
and is on the meridian at mid- 
night in November. It then 
passes across the heavens and 
disajipears Ixilow the horizon 
at the end of March to re- 
.q>pear low down on th(‘ 

Jiori/oii in July. 

Not more than six of the 
stars in the Pleiades can be 
se(*n easily with the naked eye 
to-day, altliough some very 
keen-sighted people can s(‘t* 
seven, but in ancient times 
ap})areiitly seven stars were 
clearly seen 

Although only six or seven 
stars cfin be seen in the 
Pleiades group with the naked 
eye. when photography and a 
large telescope are utilised as 
many as 2,326 stars can be 
counted, and some of the stars 
seem to be wrapped in masses 
of nebulous matter. The group 
to the naked eye is only a 
clot in the sky, but actually it 
(X'cupies an immense sp;ice 
so that light, which travels at 
180,000 miles per second, would . 
take eight years to cross from . 
one side to the other. It takes 
about 250 years for the light 
of its central star Alcyone to y 

reach the Parth. ever, sc 

Tnere is a definite reason miles p 
for thinking that the stars of graph i 


the Pleiades really form one groiij), for 
they seem to be travcliing in the 
same direction. 

Hut in addition <0 groups of llus 
kind, the large tcle.scopes have, revealed 
other groups of stars far more immense. 
Nearly all ol these aiX‘ invisible t() tlu’ 
naked eye, but one or two can be dis- 
cerned, and one is visible to the 
unaided sight even when the full nuxui 
is shining. 

Two such groups are known as the. 
Greater and Ivcsser Magellanic Clouds, 
and are to be seen in the .southern skies 
'rhrough a telescope of moderate size 
they appear as cloudy film.s of light, 
but examination through a largi' 
ttilescope has shown that these so-caJl(*<l 
clouds are composed of myriads of 
stars, many of them grouped in clusters, 
and the}^ are now believed to be what 



A great globular cluster of stars called by astronomers M.13, 
in the constellation of Hercules. It is the most splendid of all 
the clusters that are to be seen from the Southern Hemisphere. 
It is only Just visible to the naked eye, and yet it throws out two 
and a half million times as much light as fhe Sun. It is, how- 
ever, so immensely distant that its light travelling at X 86,000 
miles per second takes 33,000 years to reach us. This photo- 
graph is given by courtesy of the Royal Astronomical Society 


iLstronomers e.ill Island Universes, that 
IS they are universes like that of the 
Milky Way to which our solar system 
b(‘l()ngs, and are right oubsidtj the Milky 
Way system ; in tael tluy an* now 
believed to be more than 100,000 light- 
years distant, or to put it in figures, 
5, 870. 000, (KH). 000, 000. 000 niiK‘s 
The lesser Magellanic Cloud apjx'ai.s 
m tiie eoiistellaf 1011 Tiieana near tlu^ 
South l*olc, and it is .so vast that light 
takes (),ooo years to pass from one end 
of it to the other. It contains at least 
half a million stars brighter than Siriii.s, 
the Dog Star, the pnnci]>al star in tlu' 
constellation Cams Major, and th(‘ 
bnglitest star in the heavens Thit in 
addition there art' myriads of other 
fainter stars. 

Besides the.se star clouds there aie 
also what astronomers (lescnl.>e as star 
clusters 'i'hese are groups 
of stars in which a number of 
stars appear clustered togellus- 
and setmi to have some com- 
mon form of motion Then- 
are two kinds of chisteis. 
Some are called open cJustiu's, 
and the Pleiades is one ot 
this kind 

Jhit tlie more remarkabh' 
ot the star clusters arc those 
which are kijovMi as (dobiilar 
Clusters because ol their 
appanuit shaptc About 6c) ot 
these have been detected An 
example of the globular clus- 
tens is the great star cluster 
in the constellation of Hei- 
ciiles. 11 is No 13 in the list 
or catalogue made out by the 
astronomer Messier, and so 
IS usually sy)c>ken of by 
astronomers as M.13. While 
the oi)en clusters are part 
of our Milky Way system, 
the globular clusters ar<* iii- 
deyiendeiit collections oulsuh' 
of our system. 

It is very difficult to count 
the number of stars in a 
globular cluster, as may be 
gathered from the photograyih 
on this y>age of the cluster iii 
ll(‘rt:ules, an<l the diffu ull) is 
increased by the fact that the 
longer th<* <*xpo.sure more and 
_ more stars ayiyiear on the 

lofali Ill the group 

iphere *3* number of stars is 
probably at lea.st 100,000. 
how- Some of these globulai 

86.000 clusters ai*e to be seen in 


photographs of the star clouds 
Two such can be seen in the 
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top icll-hand part ol the Lesser 
Magellanic cloud on this page One 
of these is the tieaicsl aiul brightest of 
all the glohulai rlusters. and is only 
about 20,000 light-years away from us. 

One very interesting thing about the 
star clusters is that in them are found 
stars which vary p(;riodicalIy in bright- 
nes.s. Some stars that vary in bril- 
liance aie cal U*d Eclipsing Binaries, 
and the explanation of their variation 
is believed to lx? that they are not one 
stai but two, Tlie change in their 
brilliance is due to the fact that they 
go round one another, and at intervals 
the brighter is eclipsed by the other 
star passing between it and us. 

Hut there is another kind of variable 
star which is known as a Cepheid 
X'ariable, from a typical member of its 


theory has been elaborated by the 
famous Cambridge astronomer, Sit 
Arthur Eddington. 

There is, however, another theorv 
.suggested by Sir J. H. Jeans, who 
imagines that the Cxjpheid variables arc 
in sliape ellipsoids, that is, solids with 
an elliptical outline. He thinks these 
Stans are rotating rapidly about the 
smaller diameter, so that alternately 
the long view and then the short view 
is presented to us. Sir J. H. jean.s 
believes that this stage of a variable 
star is an earlier form than the eclipsing 
binaries. In other words, the Cepheid 
or Cluster variable is an elliptical star 
which is about to break up into two stars, 
when it will have reached the binary 
stage that has already l>een described. 

Wc must wait for further knowledge 


clusters are distant from us more 
than 100,000 light-years, and the most 
distant are calculated to be 200,000 
light-years away. 

One very interesting fact in con- 
nection with these star clusters is 
that of the 69 which have been found 
and examined, 32 are north of the plane 
of the Milky Way, and 37 south of it. 
The centre of trie system of clusters 
appears to lie in the Milky Way in 
the neighbourhood of the dense star 
clouds of Sagittarius. 

Another very interesting fact dis- 
covered by Dr. Harlow Shapley of 
Mount Wilson Observatory, who has 
devoted much care and time to the 
examination of star clusters, is that 
there is a belt between ten and twelve 
thousand light-years wide, in which 



M^ellatiic Cloud, which is visible to the naked eye near the south pole of the heavens and can therefore be seen only in 
tJie southern Hemisphere. It is so vast that light takes 6,000 years to pass from one end to the other. There are millions of stars 
tn this area of which half a million are brighter than Sirius, the brightest of all the stars visible from the Earth. This photograph 
was taken at the Boyden Station of the Harvard College Observatory in Arequipa, Peru, and is given here by courtesy of the Observatory 

class in the con.stellation Cepheus. 

This star, from its faintest appearance, 
increases in brilliance and then 
decreases once more, the total period 
being nearly five days and a half. The 
variable stars in the star clusters, 
however, generally complete their 
periods of variation in less than a day, 
and they are sometimes called Cluster 
variables. 

Now the variation in the Cepheid and 
Cluster variablc.s is not due to one star 
being eclipsed by another. It is 
believed to be due to pulsating, the star 
alternately expanding and then con- 
tracting. The reasons for believing 
this are far too difficult and mathe- 
matical to be gone into here. The 
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to bci sure which, if either, solution ol 
the problem is the right one. 

In addition to these variable stars 
the clii,ster8 contain various other 
kinds of stars, some of them being deep 
red, of the type of the giant red stars, 
like Antares and Hetclgeux, while 
others arc blue-white, of the type of 
Vega and Higel. The brightest stars 
in the globular clusters have been 
found by astronomers to have a surface 
temperature two or three thousand 
degrees less than that of our Sun, and 
they are much rodder in colour than the 
Sun. The blue-white stars are two or 
three magnitudes fainter than the 
brightest red stars. 

One quarter of the globular star 


no globular clusters at all are to be 
found. Within this belt are nearly all 
the stars which have Ixjen placed in the 
star catalogues, including the stars 
visible to the naked eye, and the 
gaseous nebulae, together with the 
oi>en star clusters. The explanation 
that is given by astronomers of the 
absence of globular clusters within this 
belt is that they are unable to form ancl 
go on existing in a field where gravita- 
tion is so powerful 
The discoverie.s of the star clouds 
and star clusters with tlieir immense 
sizes and distances have surprised 
even astronomers, and dealing as they 
are with thte vastness of Space, it takes 
a good deal to surprise an astronomer. 
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WONDERFUL THINGS ABOUT OUR HAIR 


Wc arc told that a woman's hair is her glory, and this is almost as true in the case of a man, for any man 
or woman without hair would look very strange indeed. How curious it is that, although we comb and brush 
our hair every day, wash it every week, and have it cut or trimmed every two or three weeks, and although 
many of us spend quite a large sum in having our hair waved or otherwise attended to by the hairdresser, few 
of us really know much about the hair and how it grows. Here are many interesting facts about our hair 


W HEN wf si>eakof hair vve generally 
think of the hair of the head. 
Bui this is not the only place 
when* hair grows. It is found all 
over the human bo<ly, except on the 
palms of the hands, the soles of the 
feet, the surface of the eyelids, and 
one or two other places 

The hair, however, is different in 
iliffcrent parts of the body On 
the head we hav(* long soft hairs and 


all over our skins soft downy hairs. 
Along the odge.s of the* eyelids and in 
the nostrils there are short still hairs 
There is a verse in the Bible which 
says “ the very hairs of your head art- 
all numbered,’' and this is perfectly true. 
Men of science have counted the hairs 
on tlie heufls of many people, and the 
number is about a hundred thousand 
In animals, of course, the hair is a 
useful eovering. and possilily it was the 


same for human beings at one time, for 
the fine hairs of the body and limbs of 
men are arranged in the same way as 
in the monkey. They point in certain 
directions, so as to allow th<* rain to 
shoot off from the body when the 
animal is climbing. Nowadays, how- 
ev'er, the hair is chiellv aji ornament in 
human beings, 

Hair is really formed in very much 
the same way as the nails Hairs arc 
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This is «n unusual sight, for nowadays not many women or girls wear their hair long. Yet there is something very beautiful about 

a really fine head of hair, as we can see in this picture 


WONDERS OF ANIMAL AND PLANT LIFE 


modified parts ot the skin, ]ust as 
nails are 'rhe horny layer of the 
epidermis or outer skin iKuomes 
ihickened and forms the nails, and in 
the same way tlie hair is composed of 
horny cells developed from the cidls of 
the epidermis. 

What really happens is this : as 
a child ^rows up the epidermis every 
here iuid there ^rows down into the 
dermis or true skin, that is, the under 
layer ot skin, and forms a soIkI mass 
of cells known as a hair-folliele 

“ Follicle " simply means 
" a little " 

Then into the Ijottom 
ot this follicle or ba^ the 
lit)rous tissue of the true 
skin rises and forms a 
small projection or 
emini'iice The sides of 
the tolliclc become sur- 
rounded witli a thickened 
layer of tissue and then 
the cells at the top of the 
eminence begin to multi- 
ply, those below pushing 
up those above till they 
form a kind of shaft. 

How Hair Grows 

This increases in length 
and begins to project from 
the skill It is a hair, and 
as the cells at tht* base go 
on multiplying, the hair 
gets longer and longer, till 
in the case of the liair of 
the head, if left uncut, 
it will grow to a great 
length Eventually, after 
it has reached a certain 
length, the base ceases to 
grow, and the cinimmce 
from wluch the hair 
sprouted and the little bag 
in which it is enclosed die 
away and the hair is shed. 

But before this happens a j 
new bag or follicle, some- 
times chilled a sac, and a 
new eminence or projec* 
tioii (called by men of 
science a papilla) has been 
formed. From this a new 
liair at once begins to rise. How the h 

A hair is thus a horny Wood vessel 

shaft growing out of a 
little bag buried in the 
skill, and this shaft is only about one 
400th of an inch in diameter. If it is 
split and phiced under a microscope we 
can see tnat there is a pithy canal up 
the middle which is surrounded by the 
horny substance, and then right outside 
is a kind of skin covering This is 
made up of a layer of ctdls which 
overlap one another like tlie tiles of a 
roof 

As a proof of this tile-like arrange- 
ment we can perform an interesting 
and rather amusing experiment upon 
one of our own hairs pulled from the 
head. Hold the hair in the middle 
between the thumb and linger, and 
then work the thumb and finger to and 
fro. We shall find that the scalp or 


root end of the hair always moves 
away from the thumb and linger, while 
the other end moves towards them 
'ITie tile-like arrangement of the .scales 
causes tins action which is .something 
like a ratchet movement. If you have 
a hair and do not know which is the 
root (‘nd, you can always discov<!r it in 
tins way 

The hair is fed by blood ves.sels at 
the root and it is lubricated by little 
fat glands known to science as sebaceous 
glands, from the Tvalin word “ sebum," 





The hair of the cat or dog stands up on 
end when the animal is angry or on the 
defensive. 

Well, each hair follicle has attached 
to it a little muscle which is known as 
the arrcctor pili. This looks a difficult 
name, but it simply means '* the hair 
riiiscr." Wlien we get a sudden fright 
a message goes from our brain telling 
these mu.scles to work and make the 
hair stand upright. Of course, this 
serves no u.seful purpose in human 
beings, but when an animal like a 
cat IS covered all over 
witJi hairs and they 
all stand up on end, it 
make*^ the animal look 
much bigger and fiercei, 
and .so tends to frighten 
the foe 

The hair has a certain 
amount ol pigment or 
I'olouring matter in it in 
the form of little grains 
or grannies, which 
accounts for its colour. 
In some this is much 
darker iuid there is more 
of it than in others Some 
c h i ! d r e n, however, are 
born without any pig- 
ment. and then wc call 
them albinos, a word that 
conies from the Latin 
w'ord " albiis,*' meaning 
" white." 
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How the hair grows with its roots in a little bag in the skin, a 
blood vessel to feed it, a fat gland to lubricate it, and a muscle to 
make it stand on end. The nerves are not shown 


meaning ** tallow." These sebaceous 
glands are distributed all over the 
surface of the skin wherever there are 
hair-follicles, and little channels open 
from them into the follicles. The 
gland itself is made up of a rna.ss 
of cells. 

The hair-follicle or bag always lies 
skmtingly to the surface of the skin, 
so that the hairs as they grow, instead 
of standing up straight, lie over to 
one side. 

It might be asked why when people 
get a fright their hair sometimes stands 
on end. This is very marked in certain 
individuals, whose flesh owing to 
fear is covered all over with little white 
projections which we call goose-flesh 


Why Hair Turns White 

When a person be- 
comes old his or her hair 
generally turns grey or 
white. This is due to the 
fact that the pigment 
granules are no longer 
formed and bubbles of air 
collect between the cells 
in the suKstance of the 
hairs. This causes the 
light to be reflected and 
to give a grey or white 
appearance. The more air 
bubbles there are in the 
hair the whiter or more 
silvery it appears. 
Sometimes a great 
the skin, a shock or fright will cause 
a muscle to a personas hair to turn 
completely white in a 
single nignt. "I'he reason 
for this cannot be explained, but it is 
nevertheless a well authenticated fact. 

The hair is elastic, and stretches to 
one- third of its length. It is also veiy 
strong, for four human hairs will 
sustain a [lound weight. Sometimos, 
when Eastern potentates wanted a 
MVivy strong rope they u.scd to have one 
made of women *s hair. The hair, 
unlike flesh, when it is dead does not 
easily decay In the damp it will 
always take up a great deal of moisture. 

The so-calJcd woolly hair of the 
negro races is no more woolly than is 
the white man’s The negro’s hair is 
spirally curled, and is matted together 
in tufts. It is much coarser than the 
4iair of the white races. 




WHAT HAPPENS WHEN WE COMB OUR HAIR 



When we comb our hair rapidly with a vulcanite comb we generate electricity^ and some people, in the dark, con see quite a shower of 
sparks coming from their hair. What really happens is that by the action of combing we are taking electrons out of the atoms, or 
adding them to the atoms. It is the passing of the electrons that causes the apparent sparks that we see in the dark. If we listen 
carefully we shall hear the crackling of the sparks which corresponds on a small scale to the clap of thunder that accompanies 
lightning. These girls at camp are listening for the crackling, which in some people is much more marked than in others 
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This painting by the well-known bird artist Mr. Roland Green shows how the white-fronted geese fly in wedge form with necks outstretched* 
They breed in Lapland and Arctic Siberia and visit the British Isles in winter, where they are seen in fenny districts and are more common 
in Ireland than elsewhere. The most prominent feature of this goose is its white forehead. As it flies it makes a curious laughing 
sound like ‘ ‘ ha-ha ' ’ several times repeated, and this can be heard at a considerable distance 
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Here Mr. Green shows the sheld-duck's flight, which is much Uke that of the goose. The bird keeps its neck outstmtched and it ia 
interesting to know that it is regarded by sdentists as a link between the geese and the ducks proper, the word theid tneans piebald 
or parti-coloiired a reference to the plumage of the bird with its black and white and brown and green 
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By this time the thick leeves have become thtn» their stored noumhment having been used up. When the snows have disappeared, 
insects fertilise the soidanella blossoms, as shown on the left, and the plant then t>roduces seed heada aj( seen^ op the right 








HOW A SEWING MACHINE DOES NEEDLEWORK 
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Bobbin Hook has caught 
the Thread from the Needle 


Bobbin Hook revolves and 
Needle Cotton slides over the 
Spool Cotton 


Stitch nearly completed 
slack Cotton taken up by 
Needle Thread Tension 


The main shaft works a second system of levers, which causes the bobbin to swing to and fro and supply the cotton that niakes 
the stHch in conjunction with the needle. A third lever movement supplies the cotton to the needle from Srwra 

hAt A s^oarate suoolv of cotton from the bobbin. The bobbin’s supply is inside it on a little metal reel, and the cotton c^n drawn 
throueh the side o?*the shuttle as required. A wheel on the end of the main shaft as it turns round raises and lowers m upright w 
wldch*is*fhVne'edle*‘’'^^^^^ movement is obtained by means^of - small promotion on the ^ 


which is the needle. The up- 
three lower pictures we can see 


up-ana-down movement is ooiainco ay a |/awjs-wv.v.. w*. - ar- - 

see how the sewing-machine operates. When the needle penetrates the iMterwl, carrying its CTtto n ^t h 


according 








THE STORY OF THE SEWING-MACHINE 

Few mechanical devices have proved more useful in the home than the sewing-machine. Even in these 
days, when clothes are so often bought ready-made, there are few homes without a sewing-machine worked 
either by hand, treadle, or electric motor. The story of the sewing-machine is told on this page 


N ot only in the liome. but in the 
factory, the scwing-nuicliinc is 
a great boon. A clothing lac- 
tory cu* a boot factory i-ouUl not run 
without its sewing-machines. 

Yft the .sewing-machine as a prac- 
tical device is little more than a 
century old. A sewing-machine for 
use in the making of boots and shoes 
had been j^atented as far back as ryex) 
by one Thomas Saint, but he tried to 
make his machine work on a wrong 
principle, lie endeavoured to mutate 
the ordinary sewing by hand in which 
u needle with a thread is pushed coni- 
])l(*tely through the material. This 
])roces.s does not lend it.sclf to niechani- 
<'al reproduction, for the human hand 
moves through a verygri'at distance in 
proportion to the amount of work done. 

It was a poor French tailor named 
Barthelenu' Thimonnior who made lh(‘ 
first sewing-machine that would leally 
work. Hut it was constructed almost 
entirely ol wood, and was 
too clumsy to do much 
work. However, it was 
< onsid<‘red good enough 
lor a number of similar 
machines to be made, and 
it is sanl iliat in 1841 there 
were as many as eighty of 
thesi' being u.sed in Haris. 

d'hen the ignoniiit work- 
in e n bccam i* alar in e d , 
believing that they would 
lovS(^ their jobs, and so they 
smashed up the machines 
and nearly murdered the 
inventor. 

At the Great Exhibition 

Later Thiinonnier im- 
proved his invention, findv 
out patents in England, unci 
made a model of metal. A 
specimen of the machine 
was shown at the Great 
Exhibition of 1851, but 
nobody seemed inlcrcstod, 
and poor 'I'himonnicT tliod 
in want a few years later. 

The great tiling tliat 
made the sewing-machine a 
real succcs.s was the in- 
vention of a n(!cdle with an 
eye in the point. This was 
first thought of by Walter 
Hunt of New York, some* 
where about 1834. He then 
made a sewing - machine, 
using one of his needles, 
which carried a loop of 
thread through the material 
and then had a shuttle 


pas.sing through the loop iimlenicath, 
thus making a lock stitch. 

Hut nothing came of the iiiveulion. 
and it was loft to I'.lias Howe, a native 
of Ma.s.saclui setts, to patent the first 
really practicable sowing-rn.u hiiu'. 'I'liis 
earliest machine is to be seen in tin* 
Science Museum in Ixmdon, and a 
photograph of it is gimi on this page. 

It was patented in 1840 and ('lu- 
ployed an eyc-pointed needle and a 
shuttle. '1 he invention was .sold to a 
London mannfacliin‘r foi £250, but 
Howe, like so many inventors, made 
litth* out of his inv(‘ution and returned 
to America a poor man. 

Then in 1851. the year of the Groat 
Exhibition, Isaac Singer obtained a 
patent lor a sewing-machine which 
was very much on the linos of machines 
as they are made to-ilay. Hut Howe 
ha<l determmed to Stand u]> for his 
rights, and he began various law actions 
Cases were fought in the luiglish and 


American courts over a long period, 
and at Ia,st Elias Howe won the day. 
.ind reieived royalties on all sewing- 
nuu'liines until hi.s )>atcnt lan out in 
1807, Tie died shortly afterwards, but 
there had been an extraordinai v cliange 
in his fortunes from the time wIumi he 
vs cut back to America a poor man, loi 
it is said that lie ri'ccived in royalties 
no less than £400,000 

Alter that many impiovements were 
mad<5 and different shuttle devices 
invented, Thousands of patents have 
Ireen taken out both in tlie United 
States and in Tuiropean conntric.s in 
connection with these sewing-machine 
iniprovi'inents 

T‘he main principle ol the sewing- 
machnu^, howt'ver, leinains the same 
a-s that devised by T^Iias llowc*, 
although dilierent machines make dif- 
ferent stitcht's Some will make a. 
chain St itcli, othius a double cliain 

stitch, and others again a lock-stitch. 

Sewing-machines are 
produced for all kinds ot 
industries. E'or working 
stout leather, for instanc(\ 
a very strong form of 
machine is needed, and a 

great step forward was 

taken when an adaptation 

was made which enabled 
the soles to be sewn on to 

the uppers of boots by 

inacliine. 

Machine-Sewn Boots 

Now tlic great mass of 
the hundreds ol millions 
of boots that are made 
have their soles sewn 

on by a so 1 1‘ -.sc wing 
macliine, wliicli uses a 
waxcii thread. The hand- 
sewn boot and shoe has 
now become rare, although 

there are still a few workers 
who can make hand-sewn 
footwear, which is, of course, 
much more expensive 
It is no exaggeration to 
say that the lx)Ot and shoe 
industry has been com- 
pletely revolutionised by 
the sewing machine. 

Sewing-machines are used 
for making buttonhole.s, and 
they can work ten lioles a 
minute, while others can 
fa.sten on buttons. Not only 
clothes and boots and shoes, 
but gloves, umbrellas, car- 
|iets, and So on are all now 
made by sewing-machines. 



The original sewing-machine of Elias Howe, which is now to be 
seen in the Science Museum at South Kensington. This photograph 
is reproduced by courtesy of the Director of the Science Museum 


7 ht. duinram on the ri^ht '^hou's ihc timde nf 
a molor-mr's gearbox. fMrol engines have 
very little power ai Icnv speeds, and %j the 
engine were alwavs connected through the 
clutch directly to the driving shaft it tiould 
be tttipo.,stble to start easily, to travel shmdy 
in heavy trajfic, or reduce speed vehen 
hiking lorners. dears arc based on the 
prtmiple that if a large cog wheel and a 
small (og wheel are engaged, and tf the 
large whtel has twice as many teeth as the 
small one, the Urge wheel makes only one 
turn while the small one turns twuc. 
M<>!ot~(at gears are so arranged that while 
the engine turns at a constant .speed its 
power IS tnnnected to the driving .shaft bv 
large to small gears fm high speed of the 
road wheels, if mi by svudl to large gears 
to Um er the road speed. In driving slowly, 
*ii/mh means i hanging the gears through the 
gear level so that there is a small whtcl on 
the ingt/ie shaft and a bigger mie on the 
driving shaft, the effort of the engine is 
applied gradually and with fone. 'J he 
gearbox illustrated transmii.s Jour sptetU 
to the road wheels, ist gear being the 
slowest; there i.s' a fifth gear for reversiu 
the dim turn of the road wheels 


■ Gear lever 


fst 2'1^ 3'".^ & 4{^ 
synchro-mesh 


dutch 


Selector lock 


Speedometer 
/ drive 

J Driving plate 
• connects to back axle 
via propeller shaft 



Here IS the compleU motor-car cut amy to show its parts and how they 
work. The end of the piston roth are connected to a crankshaft which 
they turn as they move up and down. Turning poiver from the crankshaft 
is transmitted by a propeller shaft to a se4 of gears which turn the back 
aile. The propeller shaft is in tuv sections formed by universal points ; 
if the shaft wa.s in one piece it imuld be too rigid and might snap because 
of vibration. The gears on the back axle are called the differential because 
they give a different speed to each rear wheel when turning a corner. 
When the car turns to right, the right hand rear wheel must travel faster 
and the left hand rear wheel, having a shorter distance to travel, must 
move more slowly. Other parts slmm on the drawing are the sparking 
plugs, which explode the mixture of air and petrol in the cylinders ; the 
distributor, which fixes ike order in which the plugs spark ; the throttle, 
which controls the ainount of petrol vapour to the cylinders; the clutch, 
which through the gearbox holds the driving shaft against the crankshaft ; the 
air fiUer through which air passes to be mixed with petrol to supply vapour 
for the cylinder ; and the battery, supptying current to the sparking plugs. 


Crank shaft 


Independent springing 
coiled suspension 


In this picture diagraiHt which runs across two pacfes, we see the inside of those parts of a motor-ear usually hidden by the bodywork. 
In some types of car the engine is mounted oeer the back axle» but the arrangement shown here is the luost common. The smaller 
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jointing 


Air is sucked in and 
draws petrol from jet 


Petrol vapour 
to engine v 


1 Needle 
m valve 


Carburetter 
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and needle valve 


rnntrni •* <• JramHg of the 

“■ fhrOttiQ COnCrOt ctifbutctUT and t/s connecittynSt 

... t tLjt A^i mu4n 


Petrol p(Mes through the jet tnio 
a chamber where it is mixed wdh 
air and becomes an explosive ^us. 
The gas is then admitted to the 
cylinders by the throttle. 


— ' fftf On oase 1212 of this book there is a similar drawing 







THE INSIDE OF A MODERN CINEMA WITH 



Th« modem dneimt is oertMoljr one of the wonders of the world. The luaeurj end comfort of the se«ts, the ^rity of the atmosphere, the beauty 
of the 0M«tir illusion, the cleanliness of the building, And the perfection of the picture and sound projection would amase the theatre-goer of even 
ten or fifteen years ago. Here we see one of the latest of the modem ctnenias and its various J^rts. In the centre of the picture are the stage, 
the screen, and the wonderful starlit sky with clouds passing across it. The stars are points of ught provided by electric lamps, as shown at the 
top of the page, end the moving Cloud is produced by a projector seen in the top teft-hand comer, worked automatically from the ewitch-board. 
K circular slide with cloud forms painted upon it moves rou^ slowly between the light end the lens. Ferhaps the greatest wonder of the cinema 
is the way the air is completely changed every few minutes, so that ^e atmosphere throughout the performance is even purer than It is out in the 
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ITS AIR-PURIFIER AND OTHER DEVICES 



stc««t Tilt method of ventiUiting the huilding ii shown in the top right*hend eomer of the drawing. Air is drawn into the eonditioning plant by a 
powerful fan. It passes through a ehamber in which sprays of water are ptaying , and Is there cleansed of all dust and soiled matter* Then it passes 
oyer pipes whldi in winter warm &e air, and finally travels down ducts and through openings into the cinema. It then passes through op^ngs 
under seats and through a channel into the street, fresh air constantly taking its pUee. In summer the air is cooled as it is sprayed upon by 
cM water. The deai^ of the building is performed by s powerful vacuum cleaning-plant with many connections throughout the cinema. Three 
luod^nealtefs stand behind the screen for reproducing sound with the film, and when a turn ** is being given, these, which are on wheels, are drawn 
awayimd the screen Is raised revealing the scenery at the hack of the stage. The lighting is worlM from the switchboard beside the stage 
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THE SINISTER WORK OF THE VOLCANO 



In this photograph taken in the Dutch East Indies we see the terrible devastation which is caused by a volcanic eruption. It shows 
how, after the eruption of Mount Merapi in Java in 1930, the stream of Eery lava poured over the country, burning the vegetation and 
leaving nothing in its trail but a scene of desolation. This part of the world is one of the Earth's worst volcanic areas 



Here is another part of the island after the eruption of Merapi. It shows the rice fields, which are formed in terraces, completely covered 
by the volcanic ash thrown out by the mountain. The crops were destroyed, but the ash forms a fertile soil for future cultivation 
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WHY THE EARTH IS ORANGE-SHAPED 


We all know that the Elarth is not a perfect sphere, but is shaped something like an orange, but we may 
not know the reason for this. It is explained on this page. The flattening must have occurred in long distant 
ages, when the substance of which the Earth is formed was in a plastic state 


T he Earth is a ball, but it is not an 
exact sphere. It is what the 
scientists call an oblate spheroid. 
It is a pity such ditficult-looking words 
are used for simple things, for "‘oblate 
spheroid" simply means a spherical 
body that is flattened somewhat at the 
poles. In the ca.se of the Earth this 
flattening is not very great when one 
considers the size of the globe. The 
diameter through the poles is aljout 
one 300th part shorter than the 
diameter through the equator, and of 
course such a small difference is not 
visible to the eye. 

We can prove this for ourselves by 
trying to draw a circular figure on paper, 
say to inches in diameter, to represent 
the Earth. 'I'he only difference between 


just as a fast moving flywheel sometimes 
breaks for the same reason. When a 
flywheel is hurled to pieces by centri- 
fugal force there is either some flaw in 
its structure or the' wdieel is gening at 
too great a speed. The centrifugal 
force overcomtis the cohesion of tlu^ 
particles. Generally speaking, in fly- 
wheels the cohesion is greater than the 
centrifugal force, and so the wheel holds 
together. 

The same thing is true of the hearth. 
I'ho cohesion of the particles lias 
overcome the centrifugal force and 
prevented the Earth from breaking up. 
Some scientists, however, think that at 
some past period what is now the Moon 
was hurled oft from that part of the 
Earth which is now the Pacific Ocean. 


flatten. To show how this occurred an 
experiment is often carried out with a 
simple apparatus shown in the picture 
on this page. 

A brass axis carrying two different 
circular strips of metal placed at right 
angles to one another and fastened to 
the brass axis at the bottom, but not 
at the top, is whirled round rapidly 
by means of a mechanical device. At 
once the circles become flattened and 
the faster they whirl round the flatter 
they become. In the same way, if a 
skein of threarl is suspended by a string 
and is then caused to rotate rapidly it 
assumes the shape of a flattened sphere. 

Well, the Earth was once in a plastic 
state, and as it whirled round, it, like 
the brass rings and the skein of wool. 



the equatorial diameter and the polar But although the Earth did not became flattened and then when it 

diameter will be one 30th of an inch. break up, the whirling round when it cooled it retained this shape. 

Some planets, such as Saturn, for was in a plastic sfite caused the A freely rotating body is in stable 
instance?, are far more flattened than equator to bulge and the poles to (?quilibrium only when it is rotating 
our Ecirth . The flattening a bout its shortest pos.siblc 

of that planet is thirty . -emm. — «n anv roffitint^ 

times as great, or in other '**' 

words its polar diameter 
is one-tenth less than the 
diameter through the 

equator. 7'he Earth's • w §H|P5 

polar diameter is 7,890 f m 1 % 

miles, and its equatorial / ij I \ 

diameter 7,926 miles, a I if 1 

difference of 27 miles. 1 if ml w v. 4 i. vt 

\ I mg ‘ • pounds at the poles its 

Centrifugal Force \ 1 fj g . i' ; weight at the equator 

Now why is the Earth if 1', ‘ ' would Ix' reduced by one 

flattened at all? Well, f ^ A * ' ' pound by centrifugal 

this is due to its rotation _■ A .5 H ’ force. Of course being a 

on Its axis, and the fiat- little farther from the 

tening took place millions v-'c^ centre of the Itarth the 

of years ago, when it was weight would be reduced 

not, as now, a body with still more, for objects at 

a solid crust, but was in j weigh more 

a plastic state. 'I'he . " because? they are nearer 

bulging at the equator Kiirin'c 

and the flattening at the 
poles are due to centri- 
fugal force. 

We have already seen, 
on page 61, that as the 
Earth whirls round on its 
axis, the tendency is for 
everything on its surface 
to bo hurled oft by centri- 
fugal force. This force 
is of course greater at the 
equator than it is at the 
poles, because the Earth 
IS moving round much 
faster there than at the 
poles. I 

Now when the Earth i 
was plastic the tendency | 

was tor it to be broken ! .... 

up by centrifugal force, A simple derice which shows how the Earth came to be flattened at the poles to make a complete turn. 


But although the Earth did not became flattened and then when it 
break up, the whirling round when it cooled it retained this shape, 
was in a plastic sfite caused the A freely rotating body is in stable 
equator to bulge and the poles to (?quilibrium only when it is rotating 

about its shortest pos.siblc 

— axis, and .so any rotating 

body tends to take up the 
jX)sition or skipc indicated. 

Weight Reduced 

Tlu? greater centrifugal 
force at the equator 
lightens the weight of 
everything there. If an 

the Earth's centre. 

No measurements that 
we can make show that 
the Sun is flattened like 
the, Etirth and other 
planets. No doubt it is 
deformed in the same 
way, but the flattening 
must be very slight 
because of its slow ro- 
tation. The Earth turns 
on its axi.s once in 24 
hours, but the Sun takes 
25 days to make a com- 
plete tuni, that is at its 
equator. The q u e e r 
thing about the Sun is 
that the whole of it does 
not rotate at the same rate. 
Some parts take 27 J days 
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WHY EVEREST DOES NOT LOOK 5 MILES HIGH 

M ount Everest dcx^s not look as it can be measured with far greater at a height of 20,000 feet, or nearly 
it were the highest mountain in accuracy than these Himalayan peaks, four miles. Bees, moths and spiders 
the world, and the photograph The lunar mountains are measured were found at 22,000 feet, grasshoppers 
on this page shows why. I (eight is, of almost exactly by means of their at xB,ooo feet, and butterflies at 
course, reckoned from sea level, but shadows cast on the surrounding 17,000 feet. 

the giant peaks of thi* Himalayas rise plains. Hares and wild goats, sheep and pigs 

from a very elevated area, and so their Many of the towering peaks of the wcnj found at 17,000 feet, or more 
real height is dwarfed by their sur- Andes which rise more directly from than three miles. The greatest height 
roundings. sea level and are more isolated apf>eaT at which life was seen was 27,000 feet. 

In the photogtaph, where Mount to the eye far taller than the Himalayan where choughs were observed flying. 
Everest is the third peak from the Mountains. The conquest of Everest This is 7,060 feet higher than the 
right, it certainly looks less elevated will, however, long hold first place vulture reaches in the Himalayas, 
than .some of its sisters, find gc*o- among the achievements most coveted although in the Andes the condor has 
graphers have suggested that possibly by mountaineers. been seen 23,000 feet up. 

when accurate measurements can be It seems strange that away up on Life must bo very nard for these 
made of all these jieaks there may be these bleak and ice-clad peaks there mammals, birds ana insects in such 
one or more that will prove to be higher should be a variety of animal life, yet inhospitable regions, although they are 
than E\'ercst. such is the case. Those who have taken in many wavs adapted to their sur- 

Tt is an interesting fact that the part in recent Everest expeditions tell roundings. The butterflies have furry 
heights of the mountains on the Moon us that they found the tracks of a wolf bodies to keep them warm. 



A remarkable photograph showing how Mount Everest, the third peak from the right, is dwarfed by it^ sister peaks of the Himal^ast 
and does not look anything like its great height because it rises from a base that is itself xa^ooo feet above the levd el the sea. Masiy 
peaks of the Andes look far higher to the eye. The summit of Mount Everest is 29,140 feet above die sea 
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THE STRANGE TALE OF A BURIED TOWN 



Towns hftFe often l^n buried by drifting send. We find this in the $ahara and Gobi Deserts. But in northern Europe something 
even more astonishing has happened. On the south-eastern shore of the Baltic Sea there used to be a town called Kunzen» shown here 



On the great barrier beach close by were sand dunes, and as the win^ljllew it gradually carried the sand nearer and nearer to the town, 
till it began to bury the houses and the church, as shown in this pkiijMre, which is the second chapter in the strange history of Kunzen 







Nothing could rtay the onwerd progress of the advancing sand dunes, and in the course of time the whole town was completely buried 
under the sand, as shown here. So far as any outward sign of ^e existence of Kunzen was concerned, it might never have been 



But still the sand moved on, and in the course of years had passed so far that what had once been the flourishing town of Kunsen 
eras once mote eiposed to sight. In this part of the Baltic shores other ^ges have similarly been buried and later on unveiled again 
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This photograph, looking across the Thames towards St. Paul’s Cathedral, was taken in a dense fog, yet all the details of the buildings 
come out quite clearly. The reason is that it was taken not by means of ordinary light but by the action of the invisible infra-red 
rays which, when light is broken up by a prism, lie beyond the red end of the spectrum or band of colour 




Here we see a picture of the same scene taken at the same time by ordinary photography. Scarcely a detail is insible. In this case 
the photographic plates were of the usual kind sensitive only to ordinary light and not to the infra«red rays as in the upper picture 
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TAKING PHOTOGRAPHS IN THE DARK 


Who wouia have thought even a year or two ago that photographs could be taken in the dark and in 

r U ^A^L and in these pages we see specimens of such 

photographs and read how it is that they can be taken. This is the latest development in photography 


W HEN photography was first in- 
vented, photographs were 
spoken of as “ Sun pictures.” 
This was because the pictures were 
really made by the light of the Sim 
acting upon a sensitive film on a glass 
plate, and books of popular science for 
boys and girls published in thos(^ days 
used to explain that the Sun and not 
any human painter was the artist. 

If a good photograph was to be 
obtained it was absolutely necessary 
that there should lie a good light, and 
all those who are amateur pliotu- 
graphers know quite well how im- 
portant this matter of light is. 

'Fake a pihotograph of a garden or 
seaside beach or of a group of people 
when the Sun is out. and then a few 
inmutes later take the same scene when 
the sky is overcast, and there is a 
wonderful difference between the two 
photographs. In one case all the detail 
comes out shaq)ly, provided, of t'.ourse, 


that the camera has been focused 
properly, but in the other case the 
result is a dull picture with little 
contrast of light and shade 
Quite recently llujn* has hta'ii a 
w'Oiuierful development in photography, 
the rno.st remarkable for many years. 
It IS not now necessiiry to have a good 
light for the taking of a good photo- 
graph. In fact, a pnologra])h of an 
outdoor scene can he taken in a thick 
fog ; and even in a dark room, wliere 
nothing at all can be seen with the 
human eye, excellent i>hotographs can 
be taken. Examples of these remark- 
able photographs are given on this 
and the opposite page 
How can such wonders be perforim*d? 
Well, the explanation is that men of 
science have now discovered how to 
make photographic plates and films 
that arc sensitive not only to ordinary 
light rays, but to what are known as 
the infra-red rays. 


When the sunlight is broken up by 
d ])rism, as shown on }>age /j5o, we get 
a band of colours which we can see, 
consisting of violet, indigo, blue, green, 
yellow, orange and nnl ^ Hut the ray 
ot light from tlie Sun contains nioie 
than these colours. 

Heyond the violet at one end there 
are powerful rays which are invisible 
to our eyes, and they arc known as the 
ultra-violet rays, which simply means 
“ beyond violet." The.se have great 
healing properties, and arc used by 
d(X'lors for curing disease. They will 
also, as we have seen on page 710, pul 
a valuable vitamin into such food as 
the dough from which bread is made. 

At the other end of the .sjiectriim or 
baud of colour are still other powerful 
rays which cannot be .seen by the eye 
These are called infra-red, or " below 
red ” rays, and it is by means of these 
infra-red rays that the photographs are 
taken in the fog and in the dark 





This photograph was taken by the camera in total darkness. No light was used, but the two irons, one on each side, had been heated 
by electricity, and although they were not luminous they gave out infra-red rays, and these fell upon the marble head of Venus and were 
reflected back upon the photographic plate, which was coated with a substance sensitive to the invisible infra-red rays 
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THE MARVELS OF MATTER IN MOTION 


W HAT appear to be impossible feats 
are often carried out by means 
of science. Take, for example, 
the operation shown in the picture on 
this page, A man is actually cutting 
through a thick block of wood with 
nothing more formidable 
than a thin disc of tissue 
paper. Yet the paper cuts 
as surely and swiftly as a 
steel saw in the ordinary 
way. 

How has this astonishing 
result been brought about ? 

Well, the explanation is that 
tlio disc ot paper, properly 
mounted, is whirled at a 
tremendous speed, and this 
has the effect of stiffening 
the paper till it becomes as 
rigid as a disc of steel. 

An Astonishing Fact 

Here is one of the aston- 
ishing facts of science. 

Motion adds hardness and 
stiffness to even a soft or 
flexible material. For 
example, a chain or rope, if 
it has its ends joined and is 
then whirled round at a 
very great speed, will be- 
come quite stift as though 
it were a solid ring of steel, 
and if then suddenly 
released it will run for quite 
a long distance along the 
ground in the same way as 
a stiff hoop would do if it 
were set rotating. 

As, however, the motion is retluced 
the chain or rope once more becomes 
flexible, and eventually when the 
motion has ceiised altogether it will 
collapse in a heap on the ground. 
Similarly the thong of a whip is 


limp and flexible when lying still, but 
given swift motion by lasnitig it will be 
so hard and rigid a.H to cut right 
into the flesh. 

An equally astonishing feat as that 
of the chain or rope is that of firing a 


It is this hardening of martial by 
means of motion that gives the vto 
jectiles shot from modem guns by 1 


pn 
high 



Cutting a block of wood with a whirling disc of tissue paper 


candle through a door. When the soft 
wax candle is given a tremendous speed 
by meiins of me explosive in the gun, 
the mtjtion makes the soft substance 
.so hard that it will go clean through a 
material like timber that would, in the 
ordinary way, flatten out the candle. 


explosives such astonishing penetrating 
power. No matter how thict or tough 
the steel plates may be that protect 
a warship, sooner or later a 
projectile canbe shot at 
such a tremendous speed 
that it will penetrate the 
steel plates. 

In fact, there is a contest 
always going on between 
the maker of the steel plate 
and the maker of the gun 
and projectile. No sooner 
is a tougher form of steel 
invented which will stop the 
passage of the latest pro- 
jectile, than men set to work 
and invent a new explosive 
or a new method of speed- 
ing up the projectile which 
thereupon pierces the steel 
plate. Then the contest 
goes on all over again. 

Movement Is Energy 

The science of motion as 
illustrated by such wonders 
as have been described is 
very fascinating, and some 
men of science tell us that 
matter consists of nothing 
more than motion or energy. 
It is also interesting to 
remember that in the first 
chapter of the Bible, where 
a picturesque description 
of how matter came into 
it is said that the very 
of things was when “ the 
spirit of God moved . ' ' This statement, 
written so long ago, Ixjfore the birth of 
modem science, is remarkably in keeping 
with the latest of scientific discoveries. 


IS given 
exi.stence, 
beginning 


HOW LIGHT DECREASES AS IT GETS MORE DISTANT 


H OW does distance affect light ? Well, 
of course, the farther we get from 
a light the less bright it seems. 
That is why the most distant stars, 
although glowing suns, are invisible to 
the naked eye, or appear merely a.s dim 
points of light. 

But there is a 
curious thing about 
tlie effect of distance 
upon light. If we 
hang a one pound 
weight on a string 
the pull is one pound. 

If we double the 
weight the pull is 
two pounds. If we 
make the weight ten 
pounds the pull is 
ten pounds. 

Now we might 
think that when we 
are two feet from u 
light its intensity is 
halved, and that 
when we are three 
feet away it is only 
onc-third. But this 
is not tlie case. If 


we are two feet from a light the intensity is 
only one-quarter of what it is when we are 
one foot away. If we are three feet away the 
intensity is not one-third, but one-nintn. 

Scientists put this into learned language 
by saying that " the intensity of light 


decreases in proportion to the square of 
the distance from its source.'* 

Wc can sec from the picture-diagram 
why this is. A square card placed one foot 
from a candle flame receives a certain 
quantity of light. The rays of light if not 
intercepted woukl go 


/foot from 
fight _ 


2 FeH from 
fight .. 





3 feet from . 
/ight 




This picture shows why light decreases in brilUaficy not in the same propention as our 
un it> hut in 
light is not ! 


distance from it^ hut in proportion to the square of'the distance ; that’ is,' at two feet a 
half as bright as at one foot, hut a fourth as bright 


on to a distance of 
two feet and three 
feet, as shown, but 
at two feet the same 
amount of light 
would illuminate a 
card four times the 
sise ot that at a di$- 
tance of one foot, 
and at three feet it 
would illuminate a 
card nine times the 
sire. Obviously, 
therefore, the same 
amount of light ia 
spread Out much 
more, and as wC see 
theamouo t of spread* 
ing is in proportion 
not to tlte distance, 
but to the squm 
of the distance. 
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WHAT THE FISH SEES WHEN IT LOOKS UP 




iVeye view, 
The circle 

ftU oWe^ Immediately overhead, no matter what their colour, appear as silhouettes against the sky. Outside the circle of liaht the 
dark bed of the river or lake is reflected on the surface of the water, ejKCept where there are streaks of light caused by the reflection of 
grass pn which the light is shining. The rays of light are, of course, bent by passing into the water from the air and the tons of obiects 
above the water surface are seen where the rays of light from them faU within the dotted circle shown in the top picture. Thus the tons 
of the siuls of the boats, the tree, the notice board, and the man would be seen ^ ^ 


779 



EXPERIMENTS 

W HEN a sponge IS put into water 
or when blotting-paper soaks 
up ink. or when the oil of a 
lamp) rises in the wick, the movement 
of the liquid ivS due to a force known 
as capillary attraction. The word 
"capillary" come.s from a Latin word 



Liquid spreading on blotting-paper by 
capillary attraction 


meaning " a hair/’ and this name has 
been used because capillary attraction 
is very marked in small hair -like 
tubes. 

If we place a tube with a small lx>re 
in water, the water will rise in the tube 
by capillary attraction, and the smaller 
the lx)re the higher the water will rise. 
The pores of a sponge or a piece of 
blotting-paper are like so many capil- 
lary tubes, and that is why the water 
rises in these articles if they are dipped 
in the fluid. 

There arc a number of simple experi- 
met\ts which we can carry out at home 
to illustrate capillary attraction. One 
of the simplest is to let fall on a piece 
of white blotting-paper two or three 
drops of ink. Gradually the liquid will 
spread all round by capillary attraction, 
till quite a large patch is covered. If 
we use a solution of blue-stone or copper 
sul])hate instead of ink we shall get a 
curious effect, for while the liquid 



Watering a growing plant from a bowl 
by capillary attraction 


spreads in all directions, the outermost 
part will be colourle.ss. The solution 
IS filtered as it spreads. 

It is rather interesting to water a 
plant by capillary attraction, and the 
method of doing this is shown in the 
second picture. All we need is a basin 
of water standing close by the flower- 


IN CAPILLARY 

pot, with a piece of rag or lamp-wick 
hanging from the basin over the 
flower-pot. By capillary attraction 
the water will rise in the cloth or wick, 
and drop into the flower-pot. 

If we take two pieces of glass .such as 
old photographic plates, put a thin 
blacklead pencil at one end and an 
elastic band to hold the plates together, 
and then while holding close the other 
ends of the plates, dip the whole into 
a basin of water, we shall find that by 
capillary attraction the water rises 
inside the plates at the closed end. The 
experiment is made more interesting 
if the water is coloured beforehand. 



Water rising between two glass plates by 
capillary attraction 


Another interesting experiment con- 
nected with capillarity is shown in the 
fourth picture. In a basin of water, 
if wc place seven ordinary corks, of 
course they fall over and float on their 
sides. But wo can make them float 



Corks kept floating together in an upright 
position by capillarity 


upright. Howr is this done ? Well, 
Ixifore placing the corks in the w^ater we 
stand one upright on the table and put 
the other six rouinl it. Then taking 
the group with one hand and holding 
theui tightly together, we plunge them 
undcir the water so that eacli cork is 
cximpletely w'etted. Still holding them, 
we bring them to the surface and release 
our grip. The corks now float upright 
in a group. By capillary attraction 
the water has penetrated between the 
cork.s, and by the power of cohesion 
holds them together. 

Let us now take two glass rods of 
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ATTRACTION 

equal diameter, wiping one clean and 
dry and greasing the other. Now 
suspend or hold the two rods in a basin 
of water so that the lower ends are in 
the liquid. A curious thing will be 
seen. The water touching the dry 
rod will be concave, as shown on the 



Capillarity illustrated by two rods in 
water, one dry and one greased 


left, but where it touches the greased 
rod it will be convex all round, as 
shown on the right. The diflcrence 
IS due to capillary attraction and 
repulsion. 

Next take two clean and dry glass 
tube.s, one with a very small bore and 
one of larger bore. Hold or suspend 
them in a basin of water. The water 
rises in botli tubes by capillary attrac- 
tion, but higher in the small bore tube. 
Now let us dip similar tubes into a 
vessel of mercury or quicksilver. An 
opposite result is seen. The liquid is 
depressed and is convex upward all 
round. 

A vessel of muddy water may not only 
be emptied by hanging one end of a 
piece of lamp-wick or a hank of cotton 
in it and allowing the other end to hang 
over the .side of the vessel, but th<‘ 
water will be filtered in the process, ffir 
only the liquid will travel up the wick 



Capillarity illustrated by tubes in water 
and in mercury 


or cotton ; the mud wil) be left behind. 
A wine-glass of water may be emptied 
by hanging a prawn or big shrimp over 
the rim, so that the tail end is m the 
water and the head over the side. 

Capillarity is due to the attraction 
of the molecules of a liquid for one 
another. 




Romance oF British History 


THE GREAT FIRE OF LONDON 

bigger fires than the Great Fire of London in Charles the Second’s reign» but there has 
never been one which so stirred the imagination or has held such a place in history. Men in their fear and 
Ignorance thought that it must be a judgment from heaven, and for a time they were so stunned by the 
calamity that they scarcely had the heart to start rebuilding. But gradually, during the next few years, a 
finer and healthier city rose on the ruins. Here is the story of the Great Fire of London 




A t three o’clock on the morning of 
Sunday, Sepltunbcr 2nd, 1666, 
Mr. Sciiiiuel Fepys, the capa!d(^ 
fuul industrious Admiralty clerk who 
lived in Seething Lane, near the Lower 
of I^mdon, wa.s awakened excitedly by 
his maidst'rvant Jane. She had not 
yet gone to bed, having had to sit up 
prt'paring a hiasi which Mr. P(‘pys was 
giving to some friends later in tlie clay. 

The maid's reason for waking lier 
master at such a strange hour was that 
she had seen the reflection of 
a great in the City, and 
fiilt tliat she must let him 
know. Fires in the wooden 
London of that period were 
very frequent aifairs, but 
n('verlhcless Mr. Popys rose, 
as he tells us, slipped on a 
nightgown, and w(*nt to the 
window. It sccmied nothing 
unusual, and appeared as far 
olt as Mark I^ine, j-o thc*re w as 
jKJtliiiig to w'orry about, 
thought Mr. Pepys, anil went 
back to bed. 

No Ordinary Fire 

At seven o’clock he got up 
for the day and thi)Ught he 
would look out of the window' 
to see how the fire was getting 
on. In the daylight it seeiiiod 
to have died down and ap- 
pi'ared farther olf than it did 
in th(i da.rkm‘ss. Jane, how- 
ever, who .seems to have been 
a persistent news gatherer, 
caine in to tell Mr. Ptq:)ys 
that she had heard that 300 
lu^u.ses liad been burned down 
during the night, and that the 
fire was still raging and mak- 
ing its way to Lrmdon Bridge*. 

This was evidently no ordin- 
ary fire, so Mr, Pepys, always 
a man of an inquisitive tuni 
of mind, determined to make 
investigations, though he 
little realised that the fire of 
which he had .seen tlu* begin- 
nings four orfiv^e hours before 
was to be the biggest fire the 
world had known since Nero 
burned the capital of the 
Empire. The result of his investiga- 
tions, Mr. Pepys tells us in his Diary. 

'* I made myself ready presently,’' 
he sa3^, “ and walked to the Tower, 
and there got up upon one of the 
high places, Sir J. Kobiosson's little 
soil going up with me ; and there I 
did se© the nouses at that end of the 


)>ridge all on fire, and an infinite great 
fir(' on this and the other sidi; the ('lul 
of the bridge ; which, among other 
]X'ople, did trouble me for poor little 
Mi('h(‘ll and our Sarah on the* bridge. 

“ So down with my heart full of 
trouble to the Taeiiten int of the Tower, 
who tells me that it begun this morning 
in the King’s baker’s house in Puildiiig 
Lane, and that it hath burned down 
St. Magnus Clmrch and most part of 
losh-street aln‘adv. So I down to the 



Mr, Pepys, summoned by his maid, slipped on a gown and went to 
the window to see the fire, but there seemed nothing to worry about 


Roman 


water-side, and there got a boat, and 
through bridge, and there saw a 
lamentable fire. Poor Michell’s house, 
as far as the Old Swtin, already burned 
that way, and the fire running further, 
that in a very little time it got as far as 
the Steele-yard, while I was there. 
Everybody endeavouring to remove 
their goods, and flinging into the river, 
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or bringing them into lighters that Jay 
oif ; poor people slaying in tlunr 
houso.s as long as till tlic very fire 
touched them, and then running into 
boats, or c'lainhering from ont‘ 

.stairs by the* water-side to another. 
And among other things, the poor 
pigeons, T p.^rceive, were loth to leave 
their houses, but hovered about th(' 
windows and balcony-?, till they bunu'd 
their wings and lell down." 

The weather was fine and warm, 
and had lieen for a long tinu*, 
so tliat eveything was vcTy 
dry, and owing lo a drought 
there* was a shortage of water 
A si long wind was blowing 
at the time, aiul the flames 
simply raced along, licking up 
house after houst* at .such a 
rate as quite stupefied the 
people. Nobody sotmicd lo 
be making any seri^ius 
jittempts to .stay tlu* fire. 
What all w(Te cnnccrnisl 
about was removing their 
goods as the fire apjiroachc’d 
their piernist‘s. 

Rousing the Lord Mayor 

When the fianu'S had begun 
to get a Iuaster3^ the Lord 
Mayor, Sir Thomas Iflud- 
worth, who lived in (irace- 
church Street, w^as rousi‘d by 
excited citizens and jiersuaded 
to leavi* his bed and visit the 
scene. He was not very 
pleased at being disturbed and 
Y>eevishly said; "Pish! A 
woman might init it out ! ” 

He had seen scores of fires 
before in the narrow stnrcts 
of Ivondon, and they always 
burned themselves out in an 
hour or two. Why worry 
about this one ? But the poor 
gentleman had ipule mi.s- 
judged the situation. So far 
from a woman putting it out, 
all the King’s horses and all 
the King’s men could not do 
so till it had wiped out five- 
sixths of the* capital and had 
spread far beyond the walls 
and gates of the City proper. 

In those intolerant days any disaster 
wa,s put to the credit of political 
opponents or those of another religion, 
and Roman Catholics, Frenchmen and 
Dutchmen were all accused of having 
started the fire. Lattjr on, indeed, a poor 
demented Frenchman who had accused 
himself of the crime, telling an obviously 
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impossible and ridiculous story, was 
tried and handed, though nobody 
seriously believed him guilty. Another 
Frenchman walking quietly €ilong the 
street during the fire was felled with 
an iron bar wielded by a blacksmith. 

1'here seems no mystery, however, 
fis to how tlie fire r<*ally started. It 
began in a baker’s shop at Pudding 
Lane, ten doors from 'fhames Street. 
Some laggots were lying by the side 
of the baker's oven and these seem to 
have become overheated and burst 
into flame. 

At any rate, soon after one o’clock 
the baker, one Faryner, woke up with 
a choking sensation caused by smoko 
which filled the house. He roused hi.s 
family, and he, his wife, daughter 
and serving men escaped through a 
garret window and by way of a gutter 
into a neighbouring house. His maid- 
servant, however, remained behind 
and lost her life, being the first victim 
of the CrHjat Fire of I^ondon. Perhaps 
she w’as too nervous to make her way 
along the gutter to safety. 

It would .seem that if em^rgetic steps 
had been taken without delay the fire 
need not have spread beyond the 
baker’s hoie-e. for one eye-witnes.s tells 
us that he watched Faryner’s place 
burning for an hour before any other 
building was attacked, and the next- 
door neighbour was able to get all his 
goods away before his hou.s<? caught 
fire. When, however, a wind sprang 
up, sparks and burning fragments were 
driven about and soon the fire was 
anything but an ordinary fire. It now 


grew too powerful, and spread too 
(juickly to be put out with buckets or 
squirts, the only extinguishing appara- 
tus of the day. 

The I./jrd Mayor, as soon as he was 
summoned, was urged to have a number 
of houses pulled down so that there 
might be a gap across which the flames 
could not leap. Large grappling irons 
were kept in the churche.s for this very 
purpose. But poor Bludworth was a 
very nervous man, quite imsuited for 
his high position. He was unable to 
come to any decision, and feared that 
if he had the houses pulled down the 
owners might sue him for damages and 
thiTC would be tedious legal actions. 
” Who shall pay the charge of rebuild- 
ing the houses ? " he asked. He would, 
therefore, give no authority, and so the 
flames galloped onwards. 

Fine Food lor the Flames 

By eight o’clock they had reached 
Lonci<in Bridge and burned down many 
of the houses that lined both sides. 
The area where it started was a very 
unfortunate one for a fire. The streets 
were painfully narrow, the upper 
storeys of the wooden houses almost 
touched those on the other .side of the 
street, and the shoos and cellars and 
warehouses were filled with the most 
combustible kinds of materials, such 
as pitch, tallow, oil, hemp, and other 
things used by ships, On the wharves 
lay hay, timber and coal. Soon the 
Church of St. Magnus the Martyr at the 
foot of London Bridge was destroyed 
by the fire, but it was only one of over 


eighty churches, including St, Paul’s 
Cathedral, that were to be hipped up 
one after the other by the flames in the 
next day or two. 

The fire now began to spread in two 
directions, along tne riverside towards 
the Temple, and northward towards 
the Royal Exchange, Mr. Samuel 
Pepys, after learning all he could about 
tlie fire, went off to Whitehall and had 
an interview with King Charles and 
his brother, the Duke of York. He 
explained what he had seen and urged 
that unless the King commanded houses 
to be pulled down nothing could pos- 
sibly stop the fire. 

After a coiisultatioii, Charles ordered 
Mr Pepy.s to go to the L(M*d Mayor and 
command him from the King to spare 
no houses that he thought it was neces- 
sary to pull down to stay the fire in 
any direction. If any soldiers were 
wanted to help in the work, or to keep 
order, he could have all he desired. 

Pepys rode as far as St. Paul’s and 
then, as he tells us, walked along Wat- 
liiig Street “’as well as 1 could,. every 
creature coming away loadxl with 
goods to save, and here and there sick 
people carried away in btxls. Extra- 
ordinary good goods carried in carts 
and on biicks. At last met my Lord 
Mayor in Caiming-street, like a man 
spent, with a handkercher about his 
neck. To the King's message, he crit‘d, 
like a fainting woman, ' Lord ! what can 
I do ? I am spent : people will not obey 
me. I have been pulling down houses'; 
but the fire overtakes us faster than we 
can do it.’ That he needed no more 
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soldiers ; and that, for himself, he must 
go and refresh himself, having been up 
all night. So he left me, aiid I him, 
and walked home ; seeing people all 
almost distracted, and no matuier of 
means used to quench the fire. 

“ The houses too so very thick there* 
abouts, and full of matter for burning, 
as pitch and tar, in Thames-street ; and 
warehouses of oyle, and wines, and 
brandy, and other things. Here 1 saw 
Mr Isaac Houblon, the handsome man, 
prettily dressed and dirty at his door 
at Dowgate, receiving some of hi>s 
brother's things, whose houses were on 
fire , and. as he says, have been twice 
removed already ; and he doubts (as 
it soon proved) that they 

must be m a little time re- 

moved from his house also, 
which was a sad considera- 
tion. And to see the 
churches all filling with 
goods by people, who them- 
selves should have been 
quietly there at this time.” 

The mass of the citizens 
seem to have been quite 
helpless. They knew not 
what to do, and Jelt that 
the only safe place was the 
nver. No one thought of 
trying to save his house, but 
only of getting his goods to 
a place where they could 
not be reached by the flames. 

Porters at a Premium 

It was the golden age for 
porters, boatmen and 
lightermen They charged 
f a bu Ions sums* to carry 
goods for the distracted 
citizens, and whoa they held 
obtained all Ihc available 
money they then m«ule bar- 
gains to receive a portion of 
the goods tliey saved. The 
river was full of lighters and 
boats taking in goods ; 
furniture and other prop- 
erty was floating in the 
water, and as Pepys tells 
us, ” I observed that hardly 
one lighter or boat in three 
that had the goods of a 
house in but there was a 
pair of virginals in it.” A 
pair of virginals was the 
name given to a musical in- 
strument, ancestor of the 
piano, that came before the 
spinet and harpsichord. 

At first prosjiective victims of the 
fire bad removed their goods to the 
houses of friends a few streets ofi, but 
as street after street t)ecame involved 
everybody wanted to get his goods 
outside the City. 

Pepys was advised to carry away his 
money and plate to Bethnal Green. 
” Which I did,” he says, ” riding my- 
self in my nightgown in the cart ; and 
hoxd 1 to see how the streets and the 
highways are crowded with people 
tunning and riding and getting of carts 
At any rate to fetch away things.” 

This was at four oxlock on the 


Monday morning. When Pepys reafched 
the house of Ixis friend at Bethnal 
Green he found the poor man very tired 
with being up all night receiving goods 
from many of his friends and acquain- 
tances The house indeed was uill of 
goods The diflficulty was to makc^ any 
progress through the streets, tor they 
were simply blocked with people and 
gc^s and vehicles. The King's brother, 
with his guards, did his best to keep 
order in the streets. 

The most ridiculous stories began to 
spread about foreigners and others 
being seen with fire-balls which they 
threw into houses through the wir»dows, 
causing the fire to break out in fro.sh 



King Charles went into the City iand was very energetic 
operations for the stay of the fire 


placc.s, but there is no evidence what- 
ever of this. The flames, farmed by the 
powerful wind, needed no assistance 
from fire-balls or foreigners. 

Nevertheless the fire-ball story was 
believed. Word went forth that a poor 
Frenchman walking along wjis carrying 
” balls of fire,” and he was brutally 
attacked. A widow woman in the same 
area hurrying along with some fully- 
hatched chickens in her apron which 
.she had saved from the fire, was 
attacked and badly wounded because 
the chickens were mistaken by the 
crowd for fire-balls. 


King Charle.s and his brother, the 
Duke of York, rode about the City, and 
indeed they seem to have been the 
most energetic in directing operations 
for the stay of the fire. The train-hands 
were called out and men were summoned 
frt)m the fleet to help in demolishing 
the houses and making gaps across 
which the flames could not leap 
Not only were the houses pulled 
d<>\V!\ with fire-hooks, but they were 
blown up with gunpowder. Of course, 
all this work took time and .still the fire 
spread. As it went towards the Tower 
cjf London, the greatest alarm was felt, 
for here the Navy kept a magazine of 
gunpowder, and if that blew up 
London Bridge £md half the 
City would be blown up 
with it. The goldsmiths, 
particularly, were very 
scared, for they had taken 
their stocks of gold and 
plate for safe-keeping to 
the Tower. 

The noise caused by the 
crackling of the flames, tfie 
falling of the buildings, and 
the blowing up of hou.sc.s, 
together with the bursting 
of stones as church after 
church was involved in the 
flame.s, caused tlic great <»st 
fear, and the flare by night 
and the gloom of the smoke 
by day made people feci 
that this was a calamity 
.sent by Providence to 
punisli tliem for their sins. 
l*reachcrs did not hesitate 
to foster such an idea 

Wasting Precious Water 

What little water there 
might have been was Ifxst 
by people digging up the 
conduits so as to get at 
the water more easily and 
thereby allowing it to run 
to waste. The pall of 
smoke was seen fifty miles 
away and told the tale of 
something unusual happen- 
ing before human messen- 
gers could explain the facts. 

The speed with which t he 
fire travelled appalled men. 
Those who went to bed at 
a great d is tance from w hero 

in directing the fire was raging were un 
at dawn to find their roofs 
alight and their rooms filled 
with smoke. 

Of course, thieves were busy. Many 
unfortunate pct^xle, accepting the help 
of tliose who offered to assist them in 
saving their goexis, never saw the 
hclper.s or tlKj goods any more 

On the Monday night the fire was 
still spreading in different directions, 
and John Evelyn wrote in his diary : 
” Oh, miserable and calamitous spec- 
tacle ! Such as haply the world had 
not seen since tlie foundation of it, nor 
be outdone till the universal conflagra- 
tion thereof. God grant mine eyes 
may never behold the like, who now 
saw about 10,000 houses all in one 
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Sir Christopher Wren’s plan for building a fine new and spacious London. The lightly shaded part is the area that was totally 
destroyed by the Great Fire If Wren’s plan had been carried out London would have been a magnificent city 


flame ! The noise and crackiiiR and 
thunder of the impetuous flames, the 
shrieking of women and children, the 
hurry of people, the fall of towers, 
houses and churclies, was like a hideous 
storm ; and the air all about was hot 
and inflamed, that at the last one was 
not able to approach it, so that they 
were forced to stand still, and let the 
flames burn on, winch they did, for near 
two miles in length and one in breadth." 

As tile fire progressed westward the 
King became alarmed for the safely 
of the J’alacc at Whitehall and West- 
minster Abbey Fortunately when it 
met the brick buildings in the Temple 
it was so well rc.sisted tliat jirogress 
was much slower, and although a large 
])art of the Temple w-^as burned, tlie 
flames were finally brought to a stop 
in this area Although it had a narrow 
escape, the I'emple (duirch was saved. 

But the fire raged in other parts of 
the City, de.stroying .street after street 
till nothing but ruins stood between the 
river on the south and Cripplegate on 
the north and the Temple on the w^est 
and the Tower of Ixmdon and Leadcn- 
hall Street on the east. 

For a time St. Paul’s Cathedral, the 
tallest and largest building in the City, 
stood unharmed, looking down upon 
the universal devastation. There was 
an open .space all round, and this seemed 
to spell safety so that the merchants 
and booksellers whose shops were in the 
neighbourho^ carried their goods into 
the Cathedral and the Churchyard 


Under the floor of the Cathedral in 
the vaults was a parish church known 
as St. Faith's, It was a strangi‘ p(.)si- 
tion for a parish chiircli, but it seemed 
the safest place in London, and so the 
booksellers piled their stocks of books 
there, thousands of volumes, including 
many in rich bindings. 

But about eight o’clock on the 'rues* 
day evening flames were seen to break 
out on the Cathedral ro(.fl. Flaming 
brands had been carried up by the wind 
and the dried timber of the roof soon 
began to burn furiously. After a time 
the roof fell in, red hot stone and 
burning timber falling upon the floor 
and setting the whole builciing in a blaze 

A Terrible Loss of Books 

Sea Holds had been erected itisiclcj and 
outside the building for repairs, and 
these added to the fuel. The lead of 
the roof melted and poured down, and 
when the great beams and stones 
craslied down they took the floor with 
them and aoim St. Faith’s Church, with 
Its thou.sands of books, was a burning 
cauldron. It is said to have been the 
most serious loss of books since the 
destruction of the great library at Alex- 
tindria. Only the massive walls re- 
mained standing. The heat was so 
great tliat no one could approach 
within hundreds of yards. 

A writer of the time, Dr. Taswell, 
who was rector of Newington, has left 
us an account of the scene. " Soon 
after sun-rising,'* he miys, ** I endea- 
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voured to reach St. I’anl's. The ground 
wa.s so hot us almost to scorch rny 
shoes, and the air so intensely warm 
that unless 1 had stopped sonie time 
upon Fleet Bridge to rest myself I 
must have fainted under the extreme 
languor of my spirits. 

" After giving myself a little time to 
breathe 1 made the best of my way to 
St. Paul’.s And now let ajiy person 
judge of the violent emotion I was in 
when 1 perceived the metals belonging 
to the bells melting: the ruinous con- 
dition of the walls; whole heaps of 
stone of a large circumference tumbling 
down with a great noise just upon my 
feet, ready to crush me to death 

" I preyiarcd myself for returning 
back again, having first loaded rny 
pockets with several pieces of bell 
metal. In my way home I saw several 
engines which were bringing up to its 
assistance all on fire, and those con- 
cerned with them escaping witJi great 
eagerness from the flames which sjpread 
instantaneous almost like a wilcf-fire ; 
and at htst accoutred with my sword and 
helmet which I had picked up among 
many others in the ruins, I traversed 
this torrid zone back again." 

The Cathedral burned for forty-eight 
hours after the first flames were seem on 
its roof Mr. Pepys wrote to his father 
to tell him of the dreadful disaster, but 
as the Post Office was burned down the 
letter could not go. Early on the morn- 
ing of Wednesday he was awakened by 
his wife who told him that there were 
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new cryes of fire, it being come to 
Barking Church which is at the bottom 
of our lanc.‘' He decided to take his 
wife and his gold, amounting to ;^2,35o, 
to Woolwich and “ Lord says he, 

What a sad sight it was by moonelight 
to see the whole City almost on fire that 
you might see it plain at Woolwich as 
if you were by it. 

The great walls of the City did not 
stay the fire’s progress, and it raged for 
a time in the Liberties, that is the 
Streets immediately outside the walls. 
Samual Pepys, curious as ever, mounted 
to the top of the tower of the Church of 
All Hallows, Barking, at the end of 
his street, to survey the scene. For- 
tunately, although the flames licked 
the walls of the Church and even de- 
stroyed the clock-face and 
burned down the rector’s house 
adjoining, they did no more, 
and the Church continued to 
stand as it does to-day. 

I up to the top of jBarking 
Steeple,” says l^epys, "and 
there saw the saddest sight of 
de.solation that 1 ever saw ; 
everywhere great fires, oil 
cellars and brimstone and 
other things burning. I be- 
came afraid to stay there long 
and therefore down again as 
fast as 1 could the fire being 
spread as far as 1 could see : 
and to Sir W. Pen’s and there 
ate a piece of cold meat having 
«*aten nothing since Sunday 
but the remnants of Sunday's 
dinner. 

A Sad Sight 

” Here I met with Mr. Young 
and Whistler, and having re- 
moved all my things and re- 
ceived good hopes that the fire 
at our end i.s .stopped they and 
I walked into the town and 
find Fanchurch - street and 
Ciracious-street and laimbard- 
street all in dust. The Ex- 
change, a sad sight, nothing 
standing there, of all thci 
statues but Sir Thomas Gre.sh- 
am’s picture in the corner. 

” Into Moore-fields (our feel 
ready to bum walking through 
the town among the hot coles) 
and find that full of people and 
poor wretches carrying their 
goods there, and everybody 
keeping his goods together by 
themselves; and a great bless- 
ing it is to them that it is fair weather 
for them to keep abroad night and day.'* 

More than ioo,ooo homeless people 
(200,000 people, says Evelyn) were 
camping out in Moorfields, Finsbury 
Fields, and as far north as Islington 
and Highgate, some in tents, some in 
rough huts, and others with no shelter 
at all. Never had there been seen such 
a sight in England’s history. 

At last, on the fourth day, what with 
the dropping of the wind and the blow- 
ing up of whole areas with gunpowder to 
xxiake wide barriers against the flames, 
the fire burned itself out. The seamen 


had worked like Trojans to save what 
was left of the City, and it was hirgely 
clue to their efforts in demolishing 
houses that the fire was stopped. 

When the roof of the Inner Temple 
Hall caught fire a seaman named 
Richard Rowe climbed up, and sitting 
astride the ridge beat the flames out. 
His ( xploit saved the ancient building, 
and the Ucnchers in gratitude rewarded 
him with a gift of £\o. 

The rennirkable thing is that in this 
unprecedented fire the loss of life is 
said to have amounted to no more than 
six persons. The first was the maid- 
servant who died in the house where 
the fire began, and some of the others 
owed their deaths entirely to careless- 


As soon as it was seen that the fire 
was subdued, King Charles rode out to 
Moorfields attended by a few gentlemen, 
and addressed the citizens. It is to his 
credit that he told the j>eople that the 
fire was due to no plot by Frenchmen, 
Dutchmen, or Catholics, but was a pure 
accident, and added that he would take 
particular care of them all. 

He did so, for he at once sent orders 
into the country round for food to be 
carried into London. Vast quantities 
had been destroyed in the fire and there 
was danger of famine. Then he ordered 
that the people should be billeted in 
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inns, churches, and other public build- 
ings, and the people who had houses 
in the imburnt part of the City were 
very charitable and took in the home- 
less. Within cl clay or two it was 
remarked with wonder that the 100,000 
or more people who had been camping 
out had all found shelter 

At last stock could be taken, and it 
was found that the fire had levelled 
373 ficres within the City walls, and 
ovf!r 63 acres outside Four hundred 
streets with 13,200 houses had been 
burned and 87 parish churches Among 
the public buildings destroyed were St. 
Paul's Cathedral, the Royiil Exchange, 
the Custom House, Newgale Gaol, the 
Sessions House, cind the Guildhall The 
halls of 52 City Companies were burned, 
several prisons, and many 
millions of pounds' worth of 
goods. 

But the Great Fire ilid some 
good. It removed for ever the 
possibility of ancHher such 
disaster. When the City was 
rebuilt it was ordered that 
all the main .streets should 
be of such a breadth "as may 
with (iod’s blessing prevemt 
the mischief that one side may 
suffer if tlie other be on fire."^' 
That great man, Sir Christo 
pher Wren, who was made the 
principal architect for the re- 
tniilding, drew up plans for a 
new City which would have 
made Loiulon the incest magni- 
ficent capital ill the world. 
But greed and jealousy pre- 
vented the plans being carried 
out. However, we have his 
monument in St Paul’s 
Cathedral 

London is BuUt Anow 

The rebuilding ot the City 
took many years, and was not 
done street by street. Build- 
ings rose up here, there lUid 
everywhere as their owners 
couUi find money, and at hist 
the various houses joined up 
and formed new streets 

On the Monument which 
marks the spot where the fire 
began, is an inscription alxnit 
the rebuiklirtg which says, 
" Three short years coraplctecl 
that which was considered the 
work of an age.” This is not 
true. First of all a kind of 
mushroom town of shacks and 
tents sprang up, and then very slowly 
houses were built, but these were so 
isolated that for .some years afterwards 
rich merchants were afraid to occupy 
their new houses for fear of robbers, 
there being no neighbours who could 
come to their help. 

The difficulty was to find money for 
rebuilding, as up to the Great Fire 
of I-ondon there had been no such thing 
as fire insurance. That was one of the 
great boon.s which came out of the fire. 

However, as the years went by the 
streets were completed, and not only a 
finer, but far more healthy city arose. 
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ness or covetousness. 



The Monument erected on tha spot where the Great Fire of 
London began. It was original^ intended by Wren, who was an 
astronomer, as a telescope tube but it swayed too much in the wind 


A VAST UNIVERSE ACTUALLY IN THE MAKING 



The universe of which our solar system forms a part must at one time have been a great whirling mass of glowing gas which later 
condensed and formed the stars, including our Sun, with his family of planets. In this truly amazing photograph, taken at Mount 
Wilson Observatory, U.S.A., with a lof-hour exposure, we see a universe in course of formation. This spiral nebula in the constellation 
Canes Venatici is sometimes called the Whirlpool Nebula. In it we see the whirling masses of gas condensing into bunches or knots; 
and these are believed to be the beginnings of what will later be groups of stars. The nebular matter seems, first of all, to form these 

mg condensations, and then later to break up into individual stars 
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Wonders of the Sky 

QUEER FACTS ABOUT THE MOON’S HEAT 

The variations of temperature on the Earth between day and night are not very great, although of course 
we ^ fairly warm day and then experience a cool night. How should we like to live on a 

world like the Moon, where in the daytime the temperature rises probably well above boiling-point, and then 
at night falls to about 244 degrees below zero? Here we read something about the astounding temperature 
conditions which have been found to exist on the Moon 


T ine Moon is the nearesl lieavonly 
body to our Kartli It is less 
than a quarter of a million miles 
away, and the wonderful loo-inch 
telescope at Mount Wilson Observatory 
in Ameriira brings it so dose to our view 
that we can see objects on it no bij4^(‘r 
than St Paul’s Cathedral. 

But conditions on tlu* Moon anj ver\' 
dillerent from what they are on the 
Earth. As we aln'ady kntiw, there is 
jirobably no atmospheie and no water. 
The Moon is a dea<l world, but apart 
from the abstmeo ot air and 
water it would bi* very ditli 
cult indeed for us to live 
then* even ii we could tr.iv(‘l 
to tht‘ Moon. The weathei 
conditions are really 
astonish 11114. Tlu; ieinpora- 
tnre is both much hott<‘r 
and mucli colder than any* 
thing wo gel on the EJarUi, 
and the su<l<leritii‘ss of the 
changes is quite astounding. 

On an averagt* the Moon 
is about as far Irom the Sun 
as is our Earth, and so it 
rt*(“eivt‘s a b tint the same 
amount ol light and Iicat 
p e r s q u a re* mil o as we 
rt*ceive. 'Fhe Moon reflects 
to ns only a jiart of the 
light which it nveives Irom 
the Sun, and the light we 
gt;t from the Moon when it 
is full and shining at its 
brightest is less than one 
half millionth ot that which 
we receive; from the Sun. 

Different obs<M vers get dif- 
ferent result s, a n d o n e 
astronomer declares tliat 
the light of th(' full Moon is 
only one OiH.oootfi that ol 
sunlight. 

But we do not always 
have a full Moon shining 
down on us, and if we take 
into consideration the whok; 
month, then the amount of 
light anrl heat whi<’h we 
receive from the Moon is less than oTie* 
millionth of that w'hich we receivi' from 
the Sun. In other words, we receive 
from the Sun in half a minut(* more 
light and heat than conies to us from 
the M.oon in a year. 

But what are conditions on the Moon 
itself ? Well, of course, the tempera- 
ture on the Mo<.m dex)ends ujxm the 
amount of heat which it receives and 
the amount that is reflected back. It 


cilsr) <lo|»rn<ls upon the rah* of this 
radiation. Any lu*at that the Moon 
reflects directly does not lieat it at all, 
and this amount astronomers tell us is 
alxmt 17 per rent. fhe remaining 
per cent of heat whn h tJie Moon 
rcreives from the Si.«i raises its t(‘m- 
pe rat lire 

We do not know exactly what the 
rate of radiation is, but wc^ know that 
It must f)e viry lapid, for wIhmi the 
Moon is eclipsed by the Earth, that is. 
wlien the l^artli's shadow' falls uj>on it 


and shuts off the Sun’s rays, it very 
quickly ceases to radiate any heat at all. 

Mow the Earth ’.s atnio.splicre plays a 
very imjiortant part in helping thc^ 
h-arth to retain a large jiroportion of the' 
heat it receives from the Sun, and it 
also helps to ecjualise the climate. But 
there being no atmosphere on the 
Moon, the Sun’s heat is not held, nor 
are the temperature.s of night and day 
at all equalised. 


'The latest observations made' by 
astronome‘s show that during the long 
day the temperature rises prob.ibly as 
high as 2-|4 degrees Fahrenheit, that is, 
th(‘ heat is more than bojlingqioint on 
the Earth. In otlic*r words, tlie ground 
bi'comes so heattsl that it would im- 
miMliately roast any organic substance 
placed on its surface. 

'The long day lasts for 14 of our days, 
and tin'll comes tin* long lunai night ol 
1.J (lays. 7\t once llie rocks, having no 
blanket of atmosjiherc, giveoii the heat 
they have rc'ceived, and tfie 
temperature falls to about 
244 degree's below zero, a 
far greater cold than any- 
thing t'xperienced on the 
ICartli. The low*est tem- 
perature known m the 
Arctic regions is about <;(► 
dc'grees below zero. 

How much of the lieat 
which the Moon receives 
from thc' Sun during the* 
long (lay is radiated to thc' 
Eartli W ti 11 , t h (; e s 1 1- 
mates r)f astronomers vary 
a good (k'al, but it is now 
bclicn'ed that this amounts 
to about one i8«,,<jooth ol 
th(i h(;at it reccuves. 

For a very long time 
astronomers found it quite 
impossible to delect any 
heat on the Moon at all. 
W h e n t h i* y c ()n(;cnt rated 
the rays re('(‘ived from it 
by a large lens, the lu'at 
was too feeble to be shown 
at all by the most delicate 
t h e r in o m e t e. r. \\’ i t h 
modt'rn ay)])a.tatiis, how- 
ever, wdiich is amazingly 
delicate, the hc'at radiated 
from thc* Moon c.an be dis- 
tinctly peiceived, although 
it IS still VCTV (litliciilt to 
measure it with anything 
like accurac'y. 

With such extraordinary 
(extremes, that is, a ranges 
between day and night of 4X8 degrees 
F'alirenheit, it is impossible to imagine 
any kind of living creatures existing on 
tfie Moon. The day ternj)eratare is too 
gnjat and the night temperature too 
little to sustain life. 

Ajxirt from the ejuestion that an 
atmosphere is absolutely nece.ssary to us 
for breathing we may be thankful that 
the Earth has thi.s onveloix* making 
life not only tolerable, but pleasant. 



This pieture-diagram .shows the Moon, the left-hand half of it with 
the Sun shining upon it in the lunar day, and the right-hand half 
in darkness during the lunar night. The difference in temperature, 
as can be seen from the thermometers which have been drawn on 
the two halves, is 488 degrees. This means that any living thing.^ 
would be frizzled in the day and frozen stiff at night 
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MEASURING THE WIDTH OF A GIANT STAR 

U NTIL recent years it was quite im- These rays of light are reflected Slosson, " the same size as a plate one 
possible to measure the dia- parallel to the beam to a second pair foot in diameter, seen from a distance 
meters of any of the stars. Stars of mirrors neiir the middle, and those of about 800 miles.” 
arc quite unlike planets, in that they mirrors throw the light down the tube Several other stars have been 
appear to ns as a mere point of light to a large mirror from which they are measured by means of the interfero- 
aiicl show no apprec iable diameter. In reflected into an eyepiece. When the meter, and some of them have much 
the cases of the; planet.s, of course, instrument is adjusted the two pencils larger diameters than even Betelgeux. 
tjven the more distant ones, there is a or lines of light from the two halves of Antares, for example, the chief star in 
definite diameter, which can be the star interfere with one another, thus the constellation of the Scorpion, has 
Tne«i.sured Stars are too far away to forming a series of alternate bright and a diameter more tlian half as great again 
show even the smallest diameter. Their dark fringes that cross the image of the as that of Betelgeux. If Betelgeux be 
light reaches us £is though it were a star. By a series of intricate calcula- represented by a circle 2J inches in 
wave from a single j>oint tions based on the amount of inter- diameter, then Antares is represented 


\ 





The great interferometer at Mount Wilson Observatory in California, by means of which the diameters of some of the stars that appear 

only as points of light can be measured 

But by means of a wonderful instru* lerence. and the distance between the by a circle 4 inches in diameter. Its 
mciit invented by Professor A. A, mirrors on the great arm, the diameter diameter is, in fact, 400 million miles, 
Michelson, the famous American scien- of some of the stars can be measured. and its volume about 70 million times 
list, the diameters of some of the stars xhe whole scientific world was greater than that of our Sun, 
can now be measured. The instrument amazed when in December, 1920, it But although so big, these stars are 
is known as an interferometer, and is ^as announced that by means of this very much less dense than our Sun, 
shown in the photograph on this page, wonderful instrument the great star that is, their matter is much more 
given by courtesy of Mount Wilson Betelgeux, which is the bright orange- drawn out. Our Sun is only a quarter 
Observatory, where the instrument is coloured star in the constellation Orion, of the density of the Earth, but these 
in use. had ^en measured and was found to huge stars have been described as 

It is far too complicated to explain have a diameter of 250,000,000 miles, merely giant gasbags, minus the 
in detail. Pencils or thin lines of light or 300 times the diameter of our Sun. bag.” They are, indeed, very much 
from each of the two halves of the disc The diameter of Betelgeux is almost as lighter than air, and in some cases a 
of a star are received by small flat great as that of the orbit of the planet thousand times lighter ; and their con- 
mirrors near the ends of the great beam, Mars as it travels round the Sun, and dition, wonderful as it may seem, must 
20 feet long, which can be seen on top yet, as observed from tlie Earth* it be something like that prevailing in 
of the framework. seeins, according to Dr, Edwin E. what we call a vacuum. 
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THE WONDER OF A MODERN ROPE FACTORY 

Rope^'inaking to-day is a greater industry than ever it was, even in the days of sailing ships* 
and very elaborate machinery is used in the production of cordage of all kinds. Here are some 
details about rope-making and the rgw material used in the process 


W HAT should we do without rope 
and string ? Our everyday 
purchases are tied up in neat 
parcels by means of string, and for 
thousands of purposes rope is essential. 
There is the clothes-line in the garden, 
the rope tied round our trunk when we 
go on a long journey, the cables that 
hold the ship to the shore, the ropes 
used on the sailing boat, and in the 
making of scaffolding, the rope that 
pulls the church or school hell, and so on. 

It is difficult to think of a world 
without rope or string. In fact, directly 
man came to live as anything more than 
a mere animal life he found the need of 
rope and string of some kind, and he 
soon learnt to make it, crudely at 
first, but ever improving in strength 
and texture. 

For centuries the making of string 
and rope was entirely a hand operation, 
but nowadays a great rope factory is 
full of the most complicated machinery. 



twine maidng, as it a|q|iears when growing 


There are machines to soften the fibre 
when it arrives in bales, to hackle and 
card it, or comb it from its tangle, to 
draw out the fibres and spin them into 
thread, to twist the thread into twine 
or rope, to |X)lish the cord, and to 
wind it into bales. 

No factory, indeed, has a more 
complicated mass of machinery than 
a rope factory. It is only in thi.s way 
that the immense quantities of twine 
and rope required for modem use can 
be turned out fast enough. 

A works like that of the Belfast 
Rope works Company in Northern Ire- 
land, which covers f>ver forty acres of 
ground and is the biggest rope factory 
in the world produces every week 
several hundred tons of rope and twine, 
running into hundreds of thousands of 
miles. 

Manila hemp is still the chief fibre 
used in rope making, but sisal, which is 
grown in different parts of the British 



From the spinning frame the bobbins of yarn are taken to the ‘•Former/* or rope-makine machine wen on the eft of this photo, 
graph, where a specified number of threads are twisted into a strand according to the circumference of the rope requir^. The strands 
L they are formed are wound on to large bobbins and then transferred to a Laying or House machine shown on the right* to be formed 
into a rope. There are* of course, many machines of each type in a large modern rope factory 
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MARVELS OF ENGINEERING 


('ominonwoalth, is also much used, 
especially for the small size cords. 

Manila fibre is (»btained from the 
alpaca plant of the Phili]i])ine Islands, 
and is <'X ported in large quantities 
from the capital, Manila, from which 
it d(Tivx*s its name. 

The plant has to be about three years 
<dd before it is ready for cutting, and 
the fibre is oblaint^d from the fleshy 
leabsfalks by scraping away the sur- 
rounding soft parts with a dull knife, 
llotli a coarse and a fine fibre are ob- 
tain(‘d in this wav, the finer material 
coming from the parts near the tuigo of 
the stalk. The coarser fibre from the 
inner parts of the leaf is much stronger 
than true hemp, and make.s the best 
of all cordage. 

Manila like the Banana Plant 

The manila plant is remarkably like 
a banana plant. From the underground 
stem rise huge leaves whose overlapping 
stalks make a trunk that rises to a 
lieight sometimes of twenty feet. 
This supports the immen.se leaf-blad(*s 
and a heavy cluster of flowers, which 
produce fruit very much like the 
liaiiana in outward form. 

'fhe whole work of preparing the 
fibre for export is carried out in very 
primitive favshion by the native, s of the 
i^hilippines, but the grading of the 
different quality fibres is done under 
Government .supervision 

The sisal plant, a native of Yucatan, 
is now cultivated with great success 
in British Hast Africa and other places. 


l.arge areas of Tanganyika and Kenya 
produce excellent typea of this very 
valuable fibre. 

Here, again, the fibre i.s extracted 
from the leaf in a .similar manner to 
manila, except that the operation, 
instead cif being performed by hand, 



Manila hemp growing in a plantation 


IS (lone by machinery, which gives a 
high production. 

Cutting is commenced when the 
plant is four years old. Though the 
fibre is shorter in length than manila, 
it makes up into a rope e(]ual to a 


good-class manila rope. Large quan- 
tities of binder twine for harvesting 
purposes are made from sisal fibre. 

In addition to th(*se materials, 
Russian, Italian, Indian and New 
Zealand hemps are also used in large 
quantities for rope-making. 

When the fibre arrives at the rope- 
works the bale is opened and spread 
by one machine, biHng afterwards 
combed out into a sliver or ribbon by 
other machines. These machint^s 
consist of two chains with a numb(?r of 
steel bars linked together, and carrying 
rows of ]>ins. which comb the fibn* and 
draw it out. 

Different Kinds of Rope 

Then it goes to the spinning frame, 
where it is spun or twisfed into thread, 
the threads hcMug afterwards twisted 
or " laid ” into difterent sizes of cordage 
The latest type of m£ichine f<^r this 
purpose is known as a " house 
machine, and the machines arc built to 
suit the different sizes of rope required 
There are many types of rope. 
Hawser laid ropes have thnu^ strands, 
and are u.sed for shipping, capstan*?, 
baling and for towing barges. Thi 
shroud-laid rope, which is four-stranded 
and built round a centre core, is used 
for sailing ships, while cable -laid ropes 
constructed by laying three or mon 
hawser-laid ropes together, are used 
for towing, oil-well drilling, trawl 
and herring warps, and sometimes for 
ships’ fenders. By far the greater 
(piantitv is used fortius fishing industry 



Here we see the end of the rope-laying machine with the rope being wound on to large drums. Ropes from one to six inches m 
circumference are usually made on the House machine, while tarred and larger ropes are made in the rope walk shown on page 79a 
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COMBING AND SPINNING THE HEMP 



Manila and sisal are the principal fibres used in the manufacture of ropes and trawl twines to-day. The raw material, which arrives 
in bales weighing from 280 to 400 pounds, is first fed into a machli|e called a Spreader, shown on the right, where it is combed and 
drawn and delivered at the other side in a continuous strand of untwisted fibre known as sliver. Ten or more slivers are then fed 
into a machine called a Drawing and delivered in the same way as at the Spreader. Tlie Drawing is the third machine from the right 



The operation of combing and drawing is repeated in five or six other machines 6f the same type as those shown in the upper picture, 
until the fibre has been doubled and drawn many hundreds of times, to insure a uniform sliver suitable for spinning into thread 
The sliver is then taken to the rope yarn spinning machine shown in this photograph, where it is conveyed by a scries of gills to a 
tapidly revolving flyer which puts a twist on the sliver and runs it on to bobbins to the size of the particular thread required 
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THE ROPE WALK AND THE TWINE SPINNERS 



Here is an up-to-date rope walk in which tarred ropes and very large ropes arc made. The various strands which are to form the 
rope are passed up the long building and are twisted into a rope by a rather complicated machine. Just as in smaller ropes the strands 
arc twisted or laid into the hnal rope, so in a large one completed ropes are laid or twisted together to form the finished cable 



For trawl twines used in the making of fishing nets, the sliver is spun over a tighter type of spinning frame, shown in this photograph. 
These frames are specially designed to spin nner sizes of thread than those used in the making of tope. Some of the tewl twines 
are made of manila and some of sisal. After spinning, the thread goes to the twine-laying department where it is wound into twine 
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EXPERIMENTS ILLUSTRATING BALANCE 


T here is no end to the experiments 
which we can carry out in con- 
nection with the principles of 
balance* and some of these are very 
amusing and form good entertain- 
ment for a party. Many such experi- 
ments are described on page 204, and 



Balancing a potato with a knitting needle 
and two forks on a nail 


some more are given here. They 
divide themselves into two classes. 
There are experiments in bal- 
ancing objects and there are ex- 
f leriments in balancing ourselves. 

One interesting experiment in 
balancing objects is shown in the 
first picture on this page, where 
wc take a vegetable such as a 
carrot or parsnip or potato, stick 
a short knitting-needle into the 
end, and balance the vegetable 
by resting the end of the needle 
upon the head of a nail or screw 
driven into a block of wood. 

We do this by sticking two 
forks into the vegetable in the 
maiuier shown in the picture, 
adjusting them so that the centre 
of gravity is brought over the 
head of the needle. We may have to 
alter the position of the forks once or 
twice, and move the needle to and 



Kicking over the matchbox and returning 
to the upright position 


fro a little to get the right position 
before attaining the success shown in 
the picture. 

Another interesting balancing ex- 
periment of this kind is to stick two 
forks into a cork, thrust a needle, 
point downwards, into the bottom of 
the cork, and then balance the whole 
arrangement on the neck of a bottle. 
Here, again, the forks may need a 
little adjustment, but it is quite an 
easy trick to perform. 

An amusing balancing trick which 
may be used as a competition is to 
place a matchbox on the floor and try 
to kick it over without losing our 
balance. Some line, such as the edge 
of a carpet, is taken as a mark. Then 
we pace out a length equal to three of 
our feet by putting toe to heel. At 
the extremity we suuid up the match- 
box, then going back and toeing the 
line once more we endeavour to kick 
over the box mid withdraw our foot, 
returning to our original position 
witliout touching the ground. 

If we do this successfully the match- 
box is moved a little farther out, and 
we continue till we cannot reach it 
any longer with our foot. Then some- 
body else takes a turn. Of course, the 


secret of .succel^a^ls to keep the upper 
part of the body 'ifrell back, so as to 
retain our centre qf gravity over the 
foot on which we ate standing. 

Another matchliox experiment is to 
toe the line Jind then .slooi>ing down 
and resting on One band to push a 
matchbox as far as we possibly can. 
Of course, it must be pushed and not 
jerked. Our toes must remain still all 
the time, and having pushed the box 
as far as possible we must return to the 
upright position without moving our 
feet. Here the success of returning to 
the upright position depenrls upon not 
allowing our bodies to go out too far. 

Still another balancing experiment 
carried out with a matchbox is shown 
in the last picture. Here we toe the 
line and then, putting one of our hands 
behind our back, we tiring the other 
hand between our legs and pu.sh a 
matchbox as far as possible from the 
line. As in the previous cxxieriinent. 
the V)ox must not be jerked, but de- 
liberately pushed. Having pilaced it as 
far as possible we must then return to 
the upright position without touching 
the ground with our hand. 


In this case the farther behind our 
back we can keep the disn.sed hand the 
better sliall wc lie able to keep our 
centre of gmvity well l')ark When 



Balancing a cork on a needle’s point by 
means of two forks 


pushing the matchbox forward our hand 
may be on the ground, but having 
reached the limit we must raise the 
hand before endeavouring to 
return to the upright position. 

Clever boys and girls studying 
the various balancing experi- 
ments which have been given on 
this and other pages will be able 
to develop a variety of new ex- 
periments for themselves 

It is, of course, always inter- 
esting to try to balance a cricket 
stump, croquet mallet or poker 
upright on the tip of our fore- 
finger. In learning to do this 
wf* must move our finger about 
quickly as the upright tends to 
tall over, so as continually to 
bring it.s centre of gravity 
under the top of the stump dr 
mallet. With practice we shall be able 
to support evim a long object like a 
broom upright on our finger for a con- 
siderable period, A heavy stick is 
easier to support than a light one. 



Another way of pushing a matchbox 
without overbalancing 
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HOW THE COMBINE-HARVESTER CUTS, 


Wheat being 

threshed Bagger attachment 
with screen 


Crain being conveved 
to bagging attachment 


Straw carried away 



Straw waste 


Cleanings being taken 
back for rethreshing 


Fan blowing 
away dust 


in this picture we •^ee how one ol the most remarkable oi all aR:ncultiiral machines cuts the corn as it moves along, threshes it, separates the gram 
trom the chaff and fills it into bags, passing the straw along to the rear of the machine. It is mounted on a tractor which also supplies the power 
to work the machine. As the machine travels, revolving arms pull the growing grain towards a platform, while cutters cut it off three inches from 
the ground. The cut stalks fall upon the platform and are carried by a canvas conveyor and elevator to a feeder*conveyor. This takes them to a 
spiked cylinder where, as they pass between the cylinder and concave shapes underneath, the grain is threshed out and falls upon a grain pan, This 
is vibrated so that the threshed grain passes across it until it reaches the end, when a blast o? air from a fan blows away the chaff and other refuse 
known as tailings, and the clean grain falls through a sieve on to a chute and runs down into a spiral auger. It is carried by this auger to an 
endless band elevator which raises it and deposits it in the grain tank. The top of this elevator is shown in the drawing, and the bottom can alto> 
be seen against the spiral auger. The chaff and tailings, when blown away fall through a sieve and are conveyed by another elevator, shown in 
the front of the drawing, to a chute through which they fall upon the feeder-conveyor, to pass under the spiked cylinder once again. This is to 
insure that any grain wmch may have been left with the chaff shall not be lost. As the straw comes from the spiked cylinder it is thrown upon 
racks, of which there are three sets. These carry it to the rear of the machine, and as it passes it is combed, and any chaff and tailings fall from 
the rack to the sieve ready to be conveyed up for re-threshing. Every particle of gram is shaken out into troughs underneath each rack section, 
and it flows down the troughs on to the grain pan, by which it is conveyeo through the sieve to the chute ready for filling into bags. The straw, after 
being thoroughlv combed, is delivered at the rear of the machine. Some combine-harvesters have an attachment that automatically ties the straw 
into bundles, which are dropped off the end of the machine. Combine harvesters would be more extensively used in Britain but for the climate. 
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THRESHES, AND FILLS GRAIN INTO BAGS 


The combine^harvegter was invented in the United States of America, and its development and adoption on 
farms there was due to the demand of the farmers’ wives, rather than of the farmers themselves, American 
farmers never employed a large permanent staff of hired workers and at harvest engaged bands of temporary 
workers for the season. These workers had to be fed and looked after by the farmers’ wives, who disliked the 
extra work and therefore welcomed a machine that cut down their additional housework by employing fewer 
men at harvest time. The first combine-harvesters were lowed by teams of as many as 30 horses or mules ; 
later steam engines were used, and eventually the self-contained machine illustrated here was introduced. 



In (t wet season tl»e corn may be npe enough to cut and thresh, but the gram may be so moist that it will heat and ferment if the corn is left tn 
bilk. Therefore the grain from farms in Britain often has to be dried ertihciaily after it has been threshed ; and that means the expense of a grain- 
drier as well as a harvester. In America, grain is always dry enough to be stored immediately after milling. Some combine harvesters are drawn 
by a tractor, but the self-propelled type is much more efficient and labour-saving. The machine is a self-contained unit and the tractor which 
otherwise would be needed to haul it can be used for towing away the wagons of threshed grain. Moreover, all .self-contained combines have the 
cutter bar in front, so that the machine can be driven straight into a standing crop. This cannot be done when the combine is pulled by a tractor, 
which would flatten the crop. Another disadvantage of the tractor-drawn combine is that the cutter bar is at the side, consequently a way has to 
be cut round the field by scythe to make a path for the tractor before the combine can start its work. On some combine-harvesters the grain is not 
bagged as it is threshed but flows into a bin mounted on the side of the machine. When the bin is full, it is emptied into wagons, and with skilled 
drivers this can be done without stopping the combine or the wagon. Many combiine-harvesters have peg drums instead of beater drums. The 
peg drums bruise the .straw which is spread on the field like a windrow as tlie machine moves forward. If the combine-harvester does not include 
a bsaing attachment, the straw is collected by hay-sweeps and taken to a stationary baler, or, on very highly-mechanised farms, pick-up balers are 
used which are themselves combined machines, because they load and bale the straw in one operation. On some farms the bruised straw is allowed 
to Ue on the ground after it falls from the combine-harvester and is later ploughed in as manure when the stubble field is ploughed for the next sowing 
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HOW LONG CAN AN ICICLE GROW? 



Theae icicles were formed on the fireman *s hose at a great fire in London during an intensely cold night. The heat given out by a 
blazing building is great, but as soon as the flames die down the surrounding atmosphere is little affected. When we see festoom of 
icicles as shown here we can appreciate Longfellow's expression in describing the trees in winter as having their “ beards of ictdeSr 
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A TYPICAL LANDSCAPE ON THE MOON 



pi.«t«ffr»ph of . iMrt of the Moon’t wtrfsce wm Uken with the hundred-inch telenet Ob«e«^. « 

C^^SSkeT n Siw^TiS the o^, the greet crater of Cw>en>lcu. aod the entrounding country, wtu^ k ^ded hundre^ of 
kn form Cowmioie ie more then fifty milee eeroM, or o» far ei from London to Brighton. The ^pert all 

In the cen^.of which rim mountain perim. Wh^ttem m.^led_cmte« 


hS Bhoiw of Tolcawic miterial ejected from a centre end fnllinj: in a circle around it. The central peaks may 

hJ^J^SuftHTfrom t teal outturat of the TOlcanfc diacharge, after thie had become too feeble to throw the laoa from the centre. 
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THE GIANT BULB OF THE ELECTRIFIED RAHWAY 



Here is one of the biggest electric bulbs in the world. It is used on electrified railway lines to convert alternating current into direct 
current. Alternating current flows in wave formation, that is, it surges back and forward along its conductor, while direct current 
does not surge. By passing the alternating current through this bulb the wave is flattened out and the current becomes nearly direct. 
Direct current is for various technical reasons more suitable than alternating current for use on electric railways where distances are 
comparatively short. The bulb takes the place of the older type of mechanism for this work, which was known as a rotary converter. 
The Southern Region of British Railways has hundreds of these bulbs on its system. As the electric load or amount of current 

increases, the light given out by the bulb becomes brighter 
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NDERs oF Animal ^Plant Life 


THE WONDERFUL WEB OF LIFE 

All living creatures are bound up in a web of life, and what affects one directly or indirectly affects another. 

In these pages we read about some very interesting examples of this dependence of one form of life upon 
another and how the various strands of the web are joined up with each other 


te hiive seen in recent yiiars )iow 
yy the different nations are bound 
togelluir, cUkI that troul)le 
affecting one section ol the human race 
in some remote part of the Earth is 
not a matter of mere local importance, 
but reacts on quite different peoples 
on the other side of the world. 

C'ivil war and famine in China mean 
more unemph^yinent and fewer 
pleasures for working people in Eng- 
land and \merica. If the C'hinese are 
so poor that they cannot buy English 
ami American goods, not to mention 
those of other nations, then English 
and American workmen are very soon 
short ol work. 

It has been said, with a good deal of 
truth, that il the Chinese could bo 
induced 1o wear their shirts two inches 
longer, the problem of unemfiloynKint 
among the cotton workers of Lanca- 
shire would be solved. 

Bui it is not only in human aftairs 
that the wc'b of life is so closi'ly woven. 
Wc find it throughout nature, and 
anything that affects one group of 
<'reatures abnormallv is sure to upset 
the balanct; of nature and lead to 
strange and olten .serious happenings 
among other groups of living Ixjings. 

Here is a striking example which 
hajipened some years ago in South 
America, During the summer season 
there was more than tlie usual amount 
ol rain, and as a result the wild lluwers. 


instead of iKMiig parched and withered 
by the hot sim, as usual in those parts, 
vv(TO able to bloom throughout llie 
summer. These attracted an exc(‘p- 
tioiial numlier of humblo-bees, and in 
the wake of the bees came an enormous 
number of mice, which live very largely 
upon thesti bees. 

The provision such generous 
siipj)lies of fcwxl enabled the mice to 
increase at a far more rapitl rate than 
was common m that district, and by 
the end of the .summer it i.s said “ the 
earth so teemed with them that onf‘ 
could scarcely walk anywhere without 
treading on mice ; while out of every 
holkiw weed-stalk lying on the ground 
dozens could be .shaken.” 

Exhausting the Food Supply 

Of course, the dogs and cats that 
lived in the neighl lourhood jireyed 
upon the mice, and it is said that even 
fowls became bird$ of prey tor the 
time iKung. But these were too few to 
make any impression on the mic(*, and 
soon new birds arrived m remarkable 
numbers, and ted Upon the mieit. 

The result of aU |this was that in a 
short time, instead there being more 
mice than usual in^hc country, tliere 
wore far lower, foi| not only tlid the 
birds prey upon,!&e|n and reduce their 
numbers,* but it whs|riot long before the 
mice had eaten £ul the humble-bees, 
and so destroyed their own f(>f>rl sup- 


plies. Later the storks and owls left 
the country, and the few mice that 
remained could then multiply, and after 
a year oi tw^o the balance of nature was 
rcstoretl. 

Charles Darwin gives us another 
very interesting example of the de- 
piaidence ol one form of life on another. 
We hardly think of there being any 
connection between eats a,nd ('lover, 
f<jr < ats are c.irnivorous animals, «ind 
do not eat clover. ” 1 have found from 
experiments," he .says, " that humble- 
bees are almost indispensable to the 
fertilisation of the heartsease, tor 
oth('T l)(*es do not visit this flower. 1 
havt^ also found that tlw visits ol b(*cs 
aie necessary for the Icrtilisatiou of 
some kinds ol ckjver— -thus one hundred 
lujads of red (‘lover prodme 27,000 
seeds, but the same number ol pro- 
t(‘(:t(5d heads produce not a .single seed. 
JIumble-bees alone visit ri'd clover, as 
otlior bees (annot reach the nectar. 
Hence w'c may infer as highly prob- 
able that if the whole genus of 
humble-bees became extinct or very 
rare in England, the heartsease iuid 
n^d clover would become very rare, or 
wlioUy disappear.” For the pur])()ses of 
his experiment Darwin protected the 
hc^ads of tlu* clover to prevent the bees 
reaching them. 

It is a fact that the red clover im- 
ported by Now Zealand did not lx>ar 
fertile* seeds until bumble-lxies were 



Here are a number of links in the chain of life. The clover needs the humble-bee to fertilise it, but mice prey on the humble-bee’s 
nest, and would exterminate the insect were it not for the cate which prey upon the mice. By keeping down the number of mice 

the cats help the clover plants to thrive 


WONDERS OF ANIMAL AND PLANT LIFE 


also imported. Uarw'iri on to 

point out that the numlM:*r ol humble- 
nces in any district (lepends in a great 
measure on the number of field-mice 
which destroy their combs and nests, 
and investigations have shown that 
probably two-thirds of the humble-bees 
all over Ihighind are thus destroyed. 

Now, as l>ai*win goes orj to explain, 
the number of mice is largely tlependent 
on the numb'r of cats, and it is a fact 
that near villages and small towns the 
nests of hunible-b(u-s are more numer- 
ous than elsewhere, a stab? of things 
which is iittnbutcd to 
the number of cats 
which destroy the mice. 

It IS clear, therefore, 

that next year’s crop of 

red clover depends upon ThtS mans b 

the number of humble- bemg fed Witi 

t)ces in the district, and although hei 

that varies with the 

number of field-mice, 

which niimlier, in turn, 

d e p e n d s upon the 

abundance of cats. 

Dr. E. J. Allen, a dis- 
t i II g u i s h e d marine 
biologist, tells us that 
there is a close con- 
ncction between the 
price of mackerel in 
tendon and the amount Hr i 

of spring .sunlight oft the J 

C o r n i s h coast. The jR 

more sunshine there is 
in May, he says, the 
more mackerel there 
will be at Billingsgate. 
and, of course, when 
the supply is abundant, 
the price low. 

Minute Life 

This is how the two 
apparently unconnected 
facts are woven to- 
gether. In spring tlu? 
mackerel feeds largely iR»#^j|RP 

upon plankton, a niune 
given by scientists to 
minute floating organic 'jRg 

life lound at various 

Plankton — the word 

meaning wandering — | 

consists of lK)th animal 

and plant life. Animal 

plankton includes 

minute jelly-fishes and . 

crustaceans, radiolariji, 

foraminifera, and other The popular id 

lowly creatures, while containing 

plant plankton is made unusual am 

up of diatoms, ver>^ 

small forms of algae, 

and so on. 

Now the plankton that tlie mackerel 
feeds on in spring*time is made up of 
small crustaceans known as copepods, 
a name meaning oar-foot, amd given 
because the creatures move alxiut by 
means of little limbs like oars or 
paddles. 

Copepods, in their turn, feed upon 
the vegetable plankton, such as 
diatoms, as well as upon more lowly 


animals called infusoria. The produc- 
tion and development of those forms of 
plankton are dependent very largely on 
the amount of light which falls upon 
the sea. When there is an abundance 
of sunshine the diatoms and infusoria 
multiply. The copepod.s then have 
plenty of food, and they in turn, increase, 
and the mackerel, being well supplied 
with sustenance, also increase. 

Sir J. Arthur Thomson, the distin- 
guished scientist, once declared that 
there is a connection between mud 
and clear thinking. ** To keep a famous 


Th/S mans brain is not : 
being fed with phosphorus 
although he is eatmgftsh \ 


The idea that fish contains a 
great deaf of phosphorus fs 
quite a mistake 


The popular idea that fish contain a great deal of phosphorus, and that to eat 
food containing phosphorus is good for the brain, is quite mistaken. Fish have 
no unusual amount of phosphorus in their composition, and even if they had 
this phosphorus would not reach the brain 


inland fish-pond from giving out,'" he 
says. " some boxes of mud and manure 
were placed at the sides. Bacteria, tlie 
minions of all putrefaction, worked in 
the mud and manure, making food for 
minute infu.soria which multiply so 
rapidly that there may be a million 
from one in a week's time. A cataract 
of infusoria overflowed from box to 
pond, and the water-fleas and other 
sm^l fry gathered at the foot of the fall 


and multiplied exceedingly. Thus the 
fishes were fed, and as fish flesh is said 
to be good for the brain we can trace a 
nexus from mud to clear thinking. 
What was in the mud became part of 
the infusoria, which became part of 
the crustaceans, which became part 
of the fish, which became part of the 
man." 

It must be pointed out, however, that 
a great authority on diet, Dr. Robert 
Hutchison, denies that fish is a specially 
valuable food for the brain. Tni.s idea 
came about through two curious errors. 

Another scientist, Ih*. 
Buchner, once declared 
that "without phos- 
phorus there is no 
thought." But this is 
only true in the .sense 
that the brain contains 
phosphorus and, of 
course, without the 
■ I brain there can be no 
I thinking. " But," says 

▼ Dr. Hutcliison, " it has 
' never been shown that 
an increased supply of 
jfliosphorus in the food 

k is specially favourable 
to mental* eflort." 

. A Mistaken Idea 

I The other error 

3 which gave rise to the 

I belief tliat a fish diet 

B incn?ases brain power 

was begun bv the Swiss 
\ naturalist, Agassiz, 

A who was responsible 

ft)r the statement that 
I- fish is sjH'cially rich in 

.i phosphorus. I'here is, 

A however, no jiislifica.- 

I tioii for the statement. 

I Sir J. A. Thomson's 
r e ni a r k s , however, 
about the connection 
i betw^een mud and clear 

thinking, are p<‘rfec11y 
true, for fish is a very 

r good food, and we 
must be properly fed 
if w^e are to think 
clearly. 

; Professor James 

i Ritchie has given other 

I j examples showing how 

' Nature is linked up. He 

explains that sunny 
weather iuid a good 
- ■ season in Canada in 

I, and that to eat one year means that 

B[ken. Fish have four winters later many 
even if they had ladies will be wearing 
fur coats in Aberdeen. 
He also explains that 
the extermination of the Greenland 
whale brought about by the demand for 
balena or whalebone for busks for ladies* 
stays in the days of Queen Victoria, led 
to the disappearance of frogs in the 
neighbourhood of London. The links 
in these chains of life are set forth on 
PAge Soi, It will thus be seen that St. 
Paul's statement that ’ ’ none of us Uveth 
to himself and no man dieth to himself 
has a very wide application. 



THE EARTH BENEATH US AND THE AIR ABOVE 


E ver since men have stood on the 
earth they have wi^nderod what 
the inside of the world is like ; 
just as they have wanted to know 
about the atmosphere that surrounds 
the earth. And it is a curious fact 
that science has found out much more 
about the atmosphere hundrt'ds of 
miles above us than it has discovered 
about the earth a few miles beneath 
our feet. 

Rockets have been fired to a height 
of 250 miles, but no one has yet managed 
to dig deejH^r into the ground lhan 
three or four miles. 

It is, however, known how long 
earth vibrations take to pass through 
different kinds of rocks and minerals, 
and by e.stimating the tune taken for 
an earthquake tremor to pass from 
one side of the world to anollier 
scientists have worked out the kind 
of material that we should find deep 
in the earth if we could dig down. 

\Vc mav take it as almost certain 
that our world consists of a central 
tore surrounded by five shells, 'fhe 
central core, called the centrospheri', 
IS probably some 4,(><)o miles m diarnebM 
and IS believed to consist of iiu kel and 
irim ore in a soft or partly li(]uid state. 

Surrounding the ccntr<)sph(?re is what 
IS called a layer of transition or tlu' 
bai*vspherc. It is nearly 2.000 miles 
thick and thought to ronsi.st ot iron, 
nickel and rock, very tightly pai k(‘d 
together and having a high tempera- 
ture. Outside the barysphere is an- 
otlKT lay(‘r of rock, about i.ooo miles 
thiek. called the iKisaltir shell. Then 



Here is a diagram showing the Earth in section according to the ideas 
that scientists hold about what is inside it. 


comes another layer of rock called the 
silicate shell ; surrounding the silicate 
shell is the lithosphere, made up of 
granite rock 23 to 30 miles thick and 
surrounding the Avholc earth a.s a crust. 

When we come to de.scribe the 
atmosphere surrounding the earth, 
there are plenty of j^roved scientific 
facts to help us to km>w what it is 
like and what it is composed of. 

There arc three layers of atmosphere. 
Closest to the earth is the tro])osj)here ; 
next, the straftisphere ; and then the 
ionos})here. 

About So per cent of the gases 
making up th(‘ whole atmosphere arc 
packed into the troposphere, which 
reaches a height of ten miles at tlic 
equator. In the Irooosphere are most 
of tlie air currents and clouds res))on- 
si hie for our weatlier. 

Extending to a height ot alxiiit 30 
miles above tlie tropo.s])h(‘rc, the strato- 
sphere is biovvni.sh-black in colour, and 
m it the moon and all the stars are x isible 
eviMi by day. 

Twenty-five unles up lu the strato- 
sphere IS a thin strip of gas<M)iis inixtiiie 
( ailed ozone, without which life on 
earth would be inqwissibh', for it 
<ibsorb,s most of the ultia-\'iolet radia 
tion from the sun. \ little ultra 
violet raihatioii is essential b) lih*. 
hut too nmch of it would kill all living 
things. 

Fiftt‘en miles up in the stialosphere 
arii the naen'ous clouds, masses of ice 
crystals with a sli<*en lik(‘ that oi 
mother of pearl/ ,^^earlv tea miles 
above these are tiluceni clouds. 

\apniirv banks 
<j| line dusl. 

At a height 
of some Oo 70 
nule.s abo\'e tlu* 
(‘arth is the 
beginning ot 
the ionosphere, 
which is electri* 
fled by radi- 
ation from the 
sun. Nothing 
w as k n o w n 
about the iono- 
sphere until the 
invention of 
ladio, wtien it 
was discovered 
through Its 
property of re- 
flecting radio 
waves back to 
tlm earth. 

No one has 
yet di.sciA'cred 
how far up- 
wards the iono- 
.spherc extends. 
Its height was 
at first thought 
to be not more 
than 100 miles, 
but scientists 
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now believe that it may extend for 
18,000 miles above the earth. If we 
could rise through the iollosphf^r<; w*c 
should find the air t)ecoming thinner 
and thinner until at last we passed 
beyond the atmosphere into an airless 
region of cosmic dust and atoms of gas. 



The details shown on this diagram of the 
atmosphere surtounding our world are 
based on readings registered on instruments 
carried by rocket to a height of 250 miles. 
Also shown are the heights reached by 
different kinds of aircraft. The scale on 
the left shows the temperatures at the 
heights marked on the right-hand scale. 

At these great heights there w'(;uld be 
utter silence and eternal darkness. Life 
would be impossible because there would 
Ih' no air to breathe. 

Not the least wonderful thing about 
the atmospliere arc the variations in 
temperature as height increases. In 
the lower stratosphere the temperature 
is - 67 degrees centigrade ; the tem- 
perature then rises to 133 degrees 
centigrade at 30 miles: drops to 3(> 
degrees centigrade at 60 miles ; and 
thereafter rises to 1,898 degrees centi- 
grade at a height of 250 miles. 




THE APE THAT MOST RESEMBLES MAN 

The chimpanzee, one of the man-like ape» whose home is in the forests of Central Africa, has such amusing 
and attractive ways that one cannot help feeling an affection for it. It is certainly one of the most popular 
of all the inmates of the London Zoo ; but, unfortunately, like the other man-like apes, it is slowly disappearing 
from the world. Here are many interesting facts about this intelligent and very human animal 


S cn-MisTS tell us tliat ol all the man- 
like apes, the chimpanzee is 
lu'iirest to man in Inidily 
stna tuie. Certainly in its aj>pearance 
aiul ways it is most human Its face 
has (pii'te a kindly and human ex- 
j)n'ssK)n, it is aftoctionate to its kind, 
and it can be taught easily to do all 
manner of things that human beings 
do It will sit at a table and eat and 
drink like a child, it loves fun and play 
and when dressed in 
human garb, suggests 
its kinshij) with our- 
selves 

The chimpanzee is 
a social animal, and 
in tlie wild stale lives 
ill family parties 
numbering from 
twelve to forty. It is 
sad to think that as 
nitui encroaches upon 
the territory rxcupied 
by tliese interesting 
apes their numbers 
get fewer and fewer, 
and as Su Arthur 
Keith has said, when 
the great African 
forest belt disapfxjars 
the chimpanzee will 
go with it At the 
present time it is esti- 
mated that the chim- 
panzee population ot 
Africa, its native 
iiome, docs not ex- 
ceed 150,000, 

Men of SCI c n c e 
place the chimpanzee 
first in on lei of in- 
telligence among the 
man- like apes, 
although it.s brain is 
less in size than those 
of the orang-utan and 
gorilla. At its birth 
the chimpanzee is 
only alH^ut one-third 
the weight of a 
human baby. Al- 
though the human 
liaby does not get its 
first teeth 1 ill it is six 
months old or more, 
the baby chimpanzee 
begins to cut its teeth 
at two months, and 
has all its milk teeth 
when it is a year old. 

Unlike the human baby, the chim- 
panzee can begin to look after itself at 
the age of two years, and it is quite 
grown up when it is fourteen. It then 
weighs from eight to twelve stones, 
resemVjliiig man in this respect, but its 
body is longer and its lower limbs 
shorter. It is not often that a chim- 
panzee is more than four feet eight 
inches high. Sir Arthur Keith tells us 


that in general wertr oi the body a 
chimpanzet' is as old in its fortieth 
year a.s a man m his seventieth. 

The chimpanzee has bc‘en known in 
Europe for more than four centuries, 
and it is among the most popular of all 
animals in zoological gardens It re- 
quires great attention to kcey) it 
healthy, but nowadays zoos, like that 
in London, are able by scientific treat- 
ment, to keep the animals alive for years 


The hands and feet of the chimpanzee 
are more slender than those of tlie 
gorilla, and as in the case of man, the 
middle finger is longer than any of the 
others. 

Chimpanzees inhabit Western and 
Central Equatorial Africa, and range 
over a large extent of coln^tr3^ They 
arc forest dwellers, though in onci 
district they are found in the moun- 


tains. In the wild state they live upon 
fruits, and are strictly vegetarian, but 
in captivity they take quite kindly to 
a mixed diet in which animal food has 
an essential part 

In their native home the parties of 
chimpanzees are always on the move 
ui order to find fresh feeding grounds. 
They make a loud cry which can be 
heard sounding through the forests at 
all hours of the day and night. Their 
voice travels a great 
distance, and many 
chimpanzees will be 
calling at one time 
This ape remains 
a good deal on the 
ground, but it climbs 
trees for the sake 
of obtaining the 
fruits or to rest. It 
builds rough ncstb 
high up in the trees, 
where the femalef: 
and young sleej), 
wdiile the male takes 
up a ])osition beneath 
the shelter so as to 
protect its family. 

Scientists declare 
that the intelligence 
of many chi mpanzoc*- 
IS equal to that o( a 
child a few months 
before emerging from 
the period oi infancy, 
and is thus far higher 
than that of any ot her 
mammal except man 
'r h e chimpanzee, 
when moving about, 
walks on all fours 
It is covered with 
hair, the prevailing 
colour of which is 
black. 

W li c n necessary 
the chimpanzee can 
be tjuitc fierce, and 
it is a powerful 
animal. It generally 
flees at the sight of 
man, but if its retreat 
is cut off it will turn 
and attack fiercely, 
when it is an exceed- 
ingly awkward cus- 
tomer to - deal with 
Dr. Livingstone says 
that the chimpanzee 
kills the leopard 
occasionally by seizing both paws and 
biting them. The lion, however, kills 
the chimpanzee at once, but does not 
eat it. 

When tlie chimpanzee travels on all- 
fours it generally supports itself on the 
backs of its closed fingers and not on 
the palms of its hands. It also goes 
sometimes oa the soles of its feat and 
sometimes on its closed toes. 



Two young chimpanzees at the London Zoo looking at their visitors 
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THE MOST HUMAN OF THE MAN-LIKE APES 



The chimpanzees are the most human of all the man-Hke apes. Scsfntists give the chimpanzee first place m order of intelligence among 
mammals, and it can be trained to dress and act and eat like a lli^an child. It also has a marvellous power of facial expression, as 
we can see in the case of these two chimpanzees which are chatt40ig together. The movements of their lips are particularly amusing. 



Chimpanaeea are natural downs, like this one balancing a grape on its nose. Once a chimpanzee has learned a trick it loves to repeat 
it, particularly if it can perform before an appreciative human audience. 
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ELECTRIC PUMP THAT DELIVERS AND PRICES PETROL 



In this drawing we see the inside of an electric petrol pump. The attendant turns a knob which sets the figures on the centre hne ci 
the recorder to the number of gallons required. He then switches on a motor which operates a rotary pump, and draws petrol from a 
main tank, through a filter, and passes it up a pipe to a separating tank, wliere all air and gases are eliminated. The petrol fiows to 
a measuring meter, where by pistons and valves the correct quantity as set by the dial is regulated. From the meter the petrol goes 
past a sight glass to a hose-pipe, and so to the car. When the required number of gallons has been pumped into the car tank, the 
total price of the petrol delivered is indicated on the lower line of the recorder. This is done automatically, and the mechanism of the 
computer can be adjusted to make the correct charge irrespective of changes in the price of petrol. In the top right-hand picture Is a 
detailed drawing of the valves in the meter which work to and fro, first drawing petrol into the inlet pipe, and then dischargif^ it 
to the hose. The arrows indicate the direction of the petrol through the meter, and the consequent movement of the recorder mechanism. 






HOW THE CORSE PLANT PROTECTS ITSELF 



In theie pictures we see the life»story of that familiar plarit the gorse or furze. From the seeds which are scattered on the ground 
a little plant begins to sprout. At first it is a seedling with only two leares, and these soon become trefoil— that is, they are divided 
into three parts. As the plant grows more leaves form, but these are long blades, quite unlike the trefoils. The plant increases in 
heighL and as it does so the leaves develop into sharp spikes, which act as a protection to the plant and prevent browsing animals 
from feeding upon it. Flower buds form among the spikes, and these develop into blossoms with a keel and wings, inside which 
are the poUen^producing parts of the flower. A bee alights on the wings and its weight causes them to fly open, scattering the 
p^len over the bee. The insect flies off to another plant, and the pollen from it fertilises the female part of that flower, so that 
se^ Ctn be produced which form in a pod ; and when the pod becomes dry it springs open and the seeds are scattered round 
about on the ground, starting the story all over again and enabling the plant to survive in the struggle for life 
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HOW SUN STORMS CAUSE THE AURORA 



The Auror., that maryeWous display of flashing Ughts fomof 

faintly in the Bri^ Wes « Stag On'S The Su^Sace! They.tr.yel ««.»s 


Wonders of the Sky 


THE MAGNIFICENCE OF THE AURORA 

Many boys and girls, as well as grown-up people, have seen displays of the Aurora Borealis, or Northern 
Lights, in England, for on an average two displays are witnessed every year in the south of England, and 
about twice as many in the North, while far up in Scotland forty or fifty auroras are seen in twelve months. 
But these displays are feeble compared with the magnificent auroras seen in the polar regions. Here we 
read about the real cause of this striking phenomenon 


T he Aurora Borealis, sometimes 
called the Northern Lights, is 
often seen in the I^ritish Isles, 
but it is very faint there compared with 
the magnificent dis]»lays that are st*en 
in the |X)lar regions. 

The aurora takes a great variety of 
forms, and these have all been given 
particular names by scientists. Its 
colour also varies a great deal, being 
sometimes white and at other times 
yellow, red, green or blue. If the 
display is brilliant three colours may 
be seen, the lower part being red and 
the upper part green, with yellow 
in between. 

Then, again, the rays of light that 
project like .spokes are sometimes 
stationary and sometimes 
flash and move and cross one 
another, or shoot up into the 
sky and then recede again. 

Curiously enough, the 
aurora is not most brilliant at 
the Pole. As wo go north the 
number of displays and their 
brilliance increase, but if wc 


SLinspots, it i.s generally agrct^l that tin* 
displays originate in the Sun. T hey 
are Udieved to be due to the ejection 
of particles like electrons from the 
sunspots. But there would seem lo be 
something more than this about the 
aurora, for a spectrum of its light has 
suggested that it was gaseous, and a 
green line in the spectrum reveals an 
unknown gaseous element which is 
supposed to be closely allied to, if not 
actually identical with, krypton, a rare 
element found in the atmo.sphero. 

Professor Viganl of Oslo lias produced 
a display similar to the aurora in a 
laboratory. He subjected nitrogen gas, 
which is the chief element of our 
atmosphere, to intense cold, until it 


was frozen into fine cry.stals at ri 
temperature of about 378 degrees below 
zero. Fahrenheit. He then bombartled 
these frozen crystals with electric rays, 
and the light that they gave out, when 
observed through the spectroscope, 
showed the mysterious green line that 
had been seen in the stK?*(:trum of the 
aurora. 

TTiat there is a close connection 
between the displays of the aurora, the 
variation in the number of siins):H>ls. 
and the variation of the magnetic 
needle, the diagram on page 808 wall 
make clear. 

It has bt‘t‘n said rjuite truly that if a 
liright aurora is shining m Stockholm, 
or Beikjavik in Iceland, the compass at 
CJreenwich or Paris Observa- 

I tory, hundreds of Jeagm^s off. 
IS atlet'ted by it. 

T‘he auroral display is wit- 
nessed in both the Arctic and 
the An tiirctic , T n the northern 
regions it is ( ailed the Aurora 
Borealis, or Northern Aurora, 
while in the .south it is called 


continue travelling towards 
the Pole, there comes a point 
when the auroras decreases 
once more. 

Immense Heights 

A groat deal ol attention 
has been given to the aurora 
ill recent years, and men ot 
science have studied it from 
many j^oints of view. Its 
height, for instance, has been 
measured by making observa- 
tions of a display from two 
definite {loints a certain di.s- 
tance apart. The height 
varies a great deal, and secm.s 
to range from fifty to six 
hundred miles. 

Farther north tluj aurora 
seems to approach the surface 
of the Earth, and some 
observers declare that dis- 
plays have been .seen at a 
height of not more than a 
mile. In the northern regions 
a crackling sound has been 
heard white the display has 
been going on. 

ft is now generally agreed 
by men of science that the 
aurora is an electrical or mag- 
netic plienomenon, and as the 
numlxir of auroras corre- 
8fK>nds very closely with the 
abundance or otherwise of 



A remarkable display of the Aurora seen in Alaska 


the Aurora Australis, which 
means the SoiitlK'rn Aurora. 

There secTiis no doubt that 
the reason why the displa\> 
are manifested in the north 
and south polar regions is 
that the i)articles of cmergy 
shot out by tluj sunspots are 
attracted to th(" regions of the 
north and S('>uth magneta 
poles. 

A Wonderful Phenomenon 

How very magnific'ent and 
varied these displays in the 
highei latitudes tire is clear 
from the descnpti(ins of eye- 
witnesses. One lra\'cllcr who 
witnessed many displays in 
Spitzbergen has given the fol- 
lowing account of the wondei - 
ful phenomenon : 

*' At times they are .simph 
diffused gleams or luminous 
patches ; at others cpiivering 
ray;^ of pure white which run 
aiiross the sky, starting from 
the horizon as if an invisible 
pencil wen* being drawn over 
the celestial vault ; at times 
it stops in its course, the 
incomplete rays do not reach 
the zenith, but the aurora 
continues at some other 
point : a bouquet of rays darts 
forth, spreads out into a fan, 
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thc‘n pale and 

(lies oul , 

"At other tnnes lon^: 
golden (Irapeiies float 
alK)ve the head of the 
s[)ec't.itr)j , and lake .i 
thousand folds and 
ii n (I ii I a t i o n s as il 
;U4date<l by the wind 
They appear to be but 
at a sli/:(ht elevation in 
th(* iitinospherc, and it 
s(‘(‘ins strange that the 
rustling of the folds, as 
they double back on 
to each other, is not 
:mdibl(' Gcnerallv a An auroral arc 

luminous bow is Wet. 

III the north ; a black 
segment separates it fiom the horizon, 
its dark colour forming a contrast 
with the pure white or bright red ol 
the bow, which darts forth the lays, 
extends, becomes divided, and soon 
])resents the ajipt^aranee of a luminous 
fan, which tills the northern sky, nioimts 
nearly to the zenith, where the rays, 
uniting, form a crown, which, in its 
turn, darts forth luminous jets in all 
directions. 

" 'I'he sky then looks like a cupola 
of fire ; llie blue, the green, the yellow, 
the red, and the white vibrate in the 
palpitating rays of the aurora. But 
this brilliant spectacle lasts only a few 
minutes ; the crown first ceases to emit 
luminous jets, and then gradually dies 



appearing low on the horizon in the Arctic 
white and at other times red. It some cases it 


A Variations mine Aumra Boreah*^ 


In colour it is 
shoots forth rays 



Vanat/on^ of the Magn 

A 

> of Sunspots 

A diagram showing, by means of wavy 
lines, how the variations in the Aurora 
Borealis, the magnetic needle, and sunspots, 
over a number of years, closely coincide 


out ; a diffuse light tills 
the sky ; here and there 
a few luminous patches, 
resembling light okmds. 
open and close with an 
incredible rapidity, like 
a heart that is boating 
fast. They soon get 
pale in their turn, 
everything fades avvav 
and becomes coiifustid, 
the aurora seems to be 
in its death - throes . 
the stars, which its 
light had obscured, 
shine with a renewed 
brightness ; and the 
long Polar night, 
sombre and profound, 
again assumes its sway over the icy 
solitudes of earth and ocean.'* 

Although .sometimes the aurora lakes 
on one form and sometimes another, it 
frequently exhibits many of the forms 
at one lime, or it may change rapidly 
from one ap])carauce to another. The 
auroral arch which i.s so often .seen in 
the Arctic regions varies in breadth 
from one to six diameters of the Moon. 
It lemams visible for several hours at 
a time and is in a constant state of 
motion all the time. It rises and falls, 
extericls towards the east and towards 
the wo.st, breaks and reunites, and then 
shoots out rays. When the rays are 
very bright they sometimes assume u 
purple colour. 



A display of the Aurora Borealis having the appearance of luminous curtains suspended from the sky This particular display was 
witnessed by travellers in Spitzbergen, but it is not at all unusual for golden draperies like these to be seen floating in the Arctic sky 
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THE BUILDING OF THE GREAT CATHEDRAL 

What would London be without its magnificent cathedral in the centre of the City and its towering dome 
that forms a landmark known all over the world from photographs and pictures ? The story of the erection of 
this splendid building is a great romance, and its completion and continued existence are a tribute to the 
surpassing genius of one man, Sir Christopher Wren, who was not a professional architect, but a professor 
of Astronomy. Here is the story of the building of St. Paul's 


I N the flozea years (jr so before the 
Great Fire of London St, Paul’s 
Cathedral, the heart and glory of 
(he capital, had been so uegl(‘c'te(l as 
to become unsate. Attempts at restora' 
tioii had bi*cn started in t'harlcs the 
First’s reign, but were cut short by 
ilie Civil War, and after ('harles's 
execution what remained of the restora- 
tion fund was diverted to the payment 
of Parliamentary troops instead of to 
the repair of the great cathedral. 

As soon as ('harles the Second came 
to the throne it was realised that if 
St. Paul’s was to be made safe the work 
of repair must be taken in hand at 
once. Dr. Christopher Wren, wluj was 
n‘ally not a professional archil ect at 
all but a professor ol aslionomy at 
Ox ( ord U n i versil y , wa s 
calk'd in to make a sur^ 
vey of the cathedral. 

Rubbish at the Core 

He found the fabric .so 
insecure as to be dan* 
gi'rous and it is rathoi 
strange that emt* of th(‘ 
faults of the original 
l)uilders was the very 
limit that later Wreii 
himself was to commit, 
not through any care, 
lessiio.ss ol hi.s own but 
through the parsimony 
oi others. It was to 
gi\o much trouble to 
tlie Dean and Chapter 
of our own day. 

He hujiid that the 
great pillars holding up 
tlic roof of the old 
Cathedral were not 
solid as they appeared 
to be, but had a core of 
rubbish which had 
yielded under th(' 
weight and been 
crushed to powder. It 
was this very fault 
wliich had to Ixi set 
right in Wren’s own 
cathedral during the 
present century. 'Phere. 
too, the pillars were 
found to be filled with 
rubbish and holes had 
to be bored in them 
and concrete squirted 
in to solidify mid make 
the pillars stronj; 
enough once more to 
hold up the great dome. 


Wren drew up plans foi the re])air 
of old St. Paul’s, and the work was 
put in h.iud, but before inucli had been 
doiK' the Great lore came and burned 
all but the massive’ walls. 'Pheso stood, 
forming a striking landmark amid the 
desolation whieh hyd levelled nearly 
,dl the rest of London. And they stood 
for years, for at first men were too busy 
n^biiilduig their homes and business 
pn'nnses to give much attention to the 
great cat bee It al. 

Wrc'n had been appointed principal 
an hitect for the rebuilding of the whole 
Cilv of London, but although the Dean 
and Chapter of St. Paul's consulted 
him about patching up a part of the old 
cathedral foi teiiqxirary use. they took 
little notice wIk'h he opposed them. 



A committee was appinuled to look 
<ilter the patching up, but a year later 
the Doan had to confess “ our work at 
tlie west end ol St. Paul's is fallen 
about our ears.”! First one pillar fell, 
then another, and at last the Dean ancl 
Chapter had to beg W’reii to come in 
and lu'lp with all possible speed. Appa« 
renfly Wren did not hiiny, lor a few 
weeks later the Dean wrote to him 
again stating that my Lords of ('anter- 
burv, London and Oxford were agreed 
that “ without you they can do no- 
thing. I am, therefore, conimaiidod to 
give you an invitation hither in his 
Gr.u(’’s nanit' and the rest of the C.om- 
missioriers with all speed." Wren went 
to London in answer to this urgent 
re(pit*st, and convinced the committee 
that patciiing was out 
of the question. 

Thereupon King 
Charles issued a war- 
rant for taking down 
the walls and clearing 
the ground to the 
foundation of the east 
end, so as to make room 
for a new choir as pari 
of a possible new 
cath(‘dral. Wren's khsi 
was to provide a tein- 
porary meeting place 
by building a new ( lioir 
first. 


Old St. Paul’s burning during the Great Fire of London. 

made in the year of the Fire 


From an engraving 



The ground plans of old St. Paul’s and the present cathedral compared. The 
Siaded part is old St. Paul’s and the outline is the present building 


Useless Patching 

" There will be time," 
he said, "to con.sider 
of a mor<^ diira])le and 
noble fabric to be madt' 
in the ])lace of the 
lower and eastern purt.s 
of the church, when the 
minds of men, now 
c o n t r a c t e d to many 
objects of fiece.ssary 
charge, shall, by God's 
blessing, be more 
widened after a happy 
re.storation Ixjth of the 
buildings and wc'alth of 
the City and nation." 

It was still hojKxl to 
make u.s(' of what re- 
mained o 1 the old 
cathedral, and some of 
the laig(j and massive 
pillars were cased 
with stone to strengthen 
them : but it was soon 
found that they were 
quite incapable of 
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lasting repair. It was, 
therefore, decided to 
clear the whole of the 
foimdatioiis of th<‘ old 
cathedral and to put up 
an entirely new buihh 
mg. 

But it was one thing 
to talk about ck^anng 
away the ruins and 
another tiling to do it 
Some of the <iuter walls 
w(*n‘ sf) massive as lor 
a long tirni* to defy all 
attempts at d<*molititm, 
and ('hristopher Wren 
decided alter seven 
years of slow progress, 
to bU)W them up with 
gunpowder, Wc can 
hardly i in a g i n e 
attempts to blow up a 
large area in the centre 
of London to-day, but 
no one seems to liave 
thought the proposal strange in the 
seventeenth century. 

The main walls stood 8o feet high 
and the middle tower, which had 
formerly home the tall spire, still 
stood 200 h'et above the ground. It 
was to remove this tower that Wren 
first decided to use gunpowder. But 
he wa.s very careful not to overdo the 
business ; he used only i8 pounds of 
powder and fired it so successfully as 
to bring down not only the tower but 
four great arches. I heii lie had to leave 
lauiclon for a short time, and left the 
next operation to one of his 
.subordinates. 

Tniuble .soon followed, for 
as Wren says, this man “ too 
wise in his own conceit put in 
a greater quantity of powder 
ami neither went low enough 
nor .siilhciently fortified the 
mouth of the mine." 1'he 
result was that, although he 
brought down part of the 
walls, the explosion shot a 
stone across the churchyard 
into a h c:) u s c where .s o m e 
women were sitting at work. 
Fortunat<»ly nobody was killed 
or injured, but the alarm and 
excitement created was so 
great that Wren w^as ordered 
to use no more |K>wder. 


Battering Down the Walls 

It was a st'vcre handicap, 
but T)r. Wren was not the 
man to be beaten easily. If 
he c:oiild not blow up thc^ 
walls he would batter them 
down with a battering ram. 

We are told that " he took 
a strong mast of alxiiit i|o fet‘t 
long, arming the bigger end 
with a great spike of iron 
fortified witli bars along the 
mast and ferrules. This mast 
in two places was hung up to 
one ring with strong tackle 
and so suspended level to a 
triangle prop, such as they 



Sir Christopher Wren’s first design for St. Paul’s Cathedral 


weigh great guns with; tliirty men, 
fifteen on a side, vibrated this machine 
to and again, and beat in one place 
against the wall the whole day ; they 
belicjved it was to little purpose, not 
discerning any immediate effect ; he bid 
them not despair but proceed another 
day; on the second day the wall was 
perceived to tremble at the top and in a 
few hours it fell." 

It was a long time since a battering 
ram had been ukid in London, if it ever 
had been before, but it proved so effec- 
tive tliat Wren beat down the rest of 


r 



The last design for St. Paul's prepared by Wren and approved 
8ro 


the walls with its aid, 
and cleared the ground 
sufficiently to allow of 
the new building; l>eiug 
begun. The we.st end 
of the church, however, 
was not pulled down 
till twelve years later. 

Wren meanwhile had 
drawn up various plans 
for the new cathedral, 
one of which would 
have given a magnifi- 
cently original building. 
But the great architect 
was interfered with by 
little men, ecclesiastics 
and others, who knew 
nothing about building 
and less about archi- 
tecture. Alterations 
hatl to be made here, 
there and everywhere, 
and at last Wren grew 
tirwl and prepared an 
entirely new design at which he himself 
must have laughed. 

It would ahno.st seem that he in- 
tended this desigji as a joke just to 
see how far the wiso^icres would go. 
It wa.s a strange mixture of classical 
and Gothic arcliitecture with a lofty 
spire on t()p of a dome. Though he 
knew the folly of men in miwcr, yet 
probably Wren wiis sur|>riscd when this 
strange design was approved, and on 
May 14th, 1675, the King issued a 
Royal Warrant for beginning the 
building, declaring that among the 
various designs presented by 
; the architect he bad " particu- 
, ' larJy pitched on one as well 
' because we found it mort; arti- 
ficial (artistic), proper and 
useful as becau.se it was so 
ordered that it might be built 
and finished by parts." 


The Artful Architect 

'Fhc design selected was the 
one with a spire on a dome. 
But Wren, though hannk\ss as 
a dove, was as wise as a ser- 
pent, for he obtained from the 
King " liberty in the prosecu- 
tion of his work to nuike some 
variations rathiu- ornamental 
than csstmtial a.s from time to 
time he shoukl see proper." 
The architect availed himself 
of this liberty with a venge- 
ance, for the cathedral he 
built Uirc little resemblance 
to the design which was 
approved. How he must have 
smiled as lie made the drastic 
alterations which were to pass 
as merely "ornamental" 
change's ! 

Of course, tlie question of 
cost was an importimt one, 
and everybody was interested 
when Charles the Second stet a 
fine example. He '* promised 
£1,000 by the year to be paid 
quarterly out of our Privy 
Purse, and to be continued 
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duriiie the reparation of tlie said 
church." It is true, there is no record 
that he ever gave a pciiny, but no 
doubt the promise encouraged otheri* 
wlio were more men of their word than 
the Stuart king. Wren himself, though 
a poor man, gave ;(6o. A subscription 
list was opened and many donors gave 
generously, including the bishops. r»art 
of the cost was obtained from a tax on 
all coal coming into London. 

The first thing Wren did was to 
examine the ground for the new 
foundations, and he dug wells in several 
places for the purpose. He went down 
through the hard earth and 
dry sand to a l)ed of sand 
and water, where he found 
shells which he imagined to 
be sea-shells, but wlucli 
were really the remains of 
fresh-water creatures. He 
speaks of this sand as a 
sea beach which con- 
firmed what was before 
asserted, that the sea had 
been in ages past where St. 

Paul’s now is." But at the 
north-east corner the archi- 
tect made a disquieting 
discovery, for there was a 
great pit filled with pieces 
of broken pottery, from 
which in some previous age 
pollers luid dug out all th<‘ 
cartli. His assistants sug- 
gested that he should drive 
piles at this place to sup- 
port the new budding, tmt 
Wren refused because, wdiile 
timber will kec]) .sound if 
imiuersetl in water, it rots 
if left in a dry or a merely 
moist sit nation. Instead, he 
built a short arch to span 
the chasm and carry the 
north-east corner of the 
choir of the new cathedral 

Underground Water 

It might be avSked wdiy 
Wren did not use the old 
foundal ions. T h e r e were 
two reasons. Had he done 
so, he would have been too 
much confined by the old 
ground plan, and in tlie 
second place, owing to the 
widening of the streets he 
had to shift the position of 
the cathedral slightly. New founda- 
tions were, therefore, neces.sary. 

Wren himself realised the danger 
which is now regarded witli very great 
concern, of the water being drained off 
from the sand, and thus causing a 
sinkage. It is a danger that is greater 
than ever at the present time, when the 
founrlations of Duildings arc carried 
much lower tlian used to be the case, 
when tube railways are excavated, and 
various other opportunities given for 
the water to escape. 

That the ground was not altogether 
suited for the support of such a great 
weight as is furnished by the dome, 
was proved even in the eighteenth 


century, for the foundations began to 
give w^ay and considerable repairs had 
to be earned out by Edward Strong, 
son of Wren’s master mason. 

At last all w^as ready for starting the 
actual building, and the great work 
began. 'Fhe first stone was laid on 
June 2 1st, 1675, the south-east 
corner of the choir, by Wren, assisted 
by IVlr. Strong, his stonemason. 

A reuiurkable incident iKxurred in 
the early days of the building. Sir 
Christopher Wren (he had l)cen 
knighted in 1672) was setting out on 
llie ground the dimensions of the 



When the 
the 


man brought the stone picked up at hazard Wren noticed 
word ** Resurgam," meaning ** I shall rise again ” 


great dome, and he told a workman to 
bring him a flat stone to mark a certain 
point. The man went to a rubbish 
heap and picked but what proved to 
be a fragment of a tomb.stone from the 
old cathedral. He handed it to Wren, 
who noticetl carved on it one wrord 
from the old inscription, " Resurgam," 
which is the Latin for " 1 shall ri.se 
again.” It was a startling and apt 
reminder, and evidently impressed all 
who had anything to do with the new 
building. When the Cathedral was 
finished a pliocnix on its fiery nevSt w'^as 
sculptured over the south portico with 
that same wwd " Kesurgam." Never 
had there been a truer prophecy. 

Sii 


Tlie work went on, year by year, 
although the records about it are very 
meagre. Tw'enty-two years clapsecl 
from the laying of the first stone to the 
opening of the choir for Divine Servko 
on December 2nd, 1697, which was the 
Thanksgiving Day for the Pciice of 
Ryswick which acknowdedged William 
the Third, King of England. 

It was a great day for London. Three 
hundred thousand jubilant peox>le 
flocked into the City from all parts, 
and the Lord May^or, with the CoriX)ra 
tion and all the other City dignitaries, 
attended in state. It was at one time 
intended that the King 
should be present, but it 
was felt that he would not 
be able to reacji the catlie- 
dral through the immense 
crowds. 

The new organ pealed out 
Its glorious tones, and 
Henry ('ompton, the aged 
Ihshoj) of r,oiidon, preaclied 
a thanksgiving sermon troni 
the text, ”1 Wtis glad when 
they said unto me, Let u.-^ 
go info the House of th(* 
Lord." Since that day .ser- 
vices have gone on reguUirh 
m the great cathedral, 01 »* 
of the most magnificent 
s a n i: t u a r i e s in all 
Chri.stondorn 

A Great Work Finished 

The work of (Ornpleting 
the cathedral continued and 
in 1710, when Sir Christo- 
pher Wren was 78, his son 
laid the highest stone of the 
lanforn on top of the dome 
in the presence of his father, 
who probably renianieil 
below, One account, how- 
ev'^cr, state’s that the aged 
architect was lumscll 
present on the dizzy height 
and lotdted down, rather 
than up, as the stone was 
laid. We know that during 
the whole of tlie building 
Wien u.scd to be drawn u]> 
in a ba.sket several times a 
week to see how the men 
were getting on, and it is 
quite possible that he inav 
have mounted to the top 
of the dome to see the 
crowning of his great work. 

But whether he watched the cere- 
mony from below or from above, he 
must have, been a proud man. Never 
before had such a vast church been 
built undt’r tlie eye of its original archi- 
tect. All the great cathedrals of the 
Middle Ages had had a succession of 
architect.^, for they were built during 
many generations. Here was one of the 
greatest churches in Christendom de- 
signed and built under the direction of 
the one man who alone in that age 
could have projected sucli a magnificent 
fane. 

And how did the ecclesiastics and the 
public who wore to benefit by his great 
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work hojioiir and reward the architect 
who had given the best years of his 
]ife to the task and produced such a 
wonderful monument Ifis renuinera- 
tion during all the long years that he 
was suj)erintcnding the work was little 
more than that of a workman. He 
was paid £200 a yocir — less than £4 
a week — and t ven part of this was held 
back for a time by a spiteful committee 
who pretended that Wren was not 
getting on fast enough with the build- 
ing, when all the lime it was their own 
miserable and unwarrantable bickerings 
and jealoasy tliat delayed the work. 

These iirrogajit men, 

Ignorant of the very 
clenujnts of architec- 
ture, insisted on a high 
railing being put round t 
the cathedral, which 
hid it.s beauties from 
the people in the streets, 
iuid they even had the 
temerity to compel 
Wren to change his 
architecture and build 
A balustrade round the 
top of the building, 
though the architect 
protested strongly at 
the outrage. 

“ I take leave,” he 
said, “ to declare 1 nev^er 
designed a balustrade 
Persons of little skill in 
architecture did expect, 

I believe, to see some- 
thing they had been 
used to in Ckithic struc- 
tures, ajid ladies think 
nothing w^eli without 
edging on. I sKpuld 
gladly have complied 
with the vulgar taste, 
but I suspended for the 
rea.sons following.” 

Broken Harmony 

He then goes on to 
point out that there was 
already over the entab- 
lature a proper plinth 
which regularly termi- 
nated the buiJd,ing, and 
that an)rthmg like 
a balustrade would dri 

break into the harmony ^ 

of the whole structure 
and be contrary to 
the principles of architecture. 

But the Commissioners were to get 
their revenge. They insisted on the 
balustrade and in the following year, 
when Wren was 86 years old and had 
held his office for 49 years, they dis- 
missed him from his post and appointed 
an incompetent ignoramus to succeed 
liim. This man, William Benson, had 
to be dismissed in the following year 
for incapacity, yet he was given 
another lucrative post while poor 
Wren ha 4 to live in obscurity. His only 
consolation was in the satisfaction 
of a great work accomplished and in 
periodical visits to see the monument 
nis genius and industry had raised 


” In the beginning and coiniilction 
of St. Paurs by Wren,” wrote Horace 
Walpole, ” are a fabric and an event 
ivltich we caimot wonder left such an 
ini})re.ssion of content on the mind of 
the good old man that being carried to 
see it once a year it seemed to recall a 
memory which was almost deadened to 
every other use.” There at intervals 
under the great dome, sat the aged 
architect of nearly 90. looking up at 
lii.s marvellous work. 

Another genius to whom the great 
cathedral owes much wa.s Grinling 
Gibbons, the great e.st wood-carver of 




A sectional drawing of Wren’s great dome showing how the stone lantern 
with its ball and cross are supported not on the dome, but on a conical wall 
built between the outer and inner domes 


all time, whom John Evelyn, the 
diarist, had discovered in a tliatched 
house near his home at Sayes Court, 
carving a Crucifixion. Evelyn intro- 
duced “ the incomparable young man,” 
as he called him, to the King and to 
Sir Christopher Wren, and from that 
time Ixis fortune was made. His work 
is to be seen in many places, but the 
greatest of it is in St. Paurs Cathedral. 
We may see it in the choir. As Walpole 
says, ” There is no instance of a man 
before Gibbems who gave to wood the 
loose and airy lightness of flowers, and 
chained together the various produc- 
tions of the elements with a fine disorder 
natural to each species,” 


St. Paul’s was completed, except for 
the ball and cross which were put on 
later, thougli curiously there is no 
record of the exact date. The ones we 
see to-day are not the original ball and 
cross, for these were erected as late as 
1821, and it is intere.sting to know that 
in 1848 a ” crow’s nest” was erected 
on tJie top of the cross by the Govern- 
ment Ordnance Surveyors as the best 
place from which a .survey of London 
could be made. 

Wren had wanted to decorate the 
inside of the dome with mosaics, but 
the Committee would not agree to this. 

That adornment, how- 
' - I ever, has hoeu carried 

; out in recent years, 
j The total cost of 
I the cathedral was 
;£747,66i I os., an ama- 
zingly small sum for 
i suen a vast and beauti- 
I ful building. 

A Miracle Performed 

Wren performed a 
miracle, for throughout 
the building he was 
handicapped for wmit 
of adequate material 
and had to use what he 
could lay his hands 
! upon. The bulk of the 
J stone, however, wa.s 
J from Portland, specially 
1 hewn and brought to 
j London for the purpose. 

It has been well said 
J that Wren hung his 
4 dome in air. 

It may be asked why 
Wren, who was by pro- 
! fession an astronomer, 

* ever came to be invited 
to act as an architect. 
Well, it must be remem- 
bered that Wren was 
one of the most remark- 
able Englishmen that 
ever lived. He was not 
only an astronomer, but 
he was an sirtist, a 
naturalist, an inventor, 
a mathematician, a 
student of anatomy and 
, , ^ medicine, a theologian, 

f ^ meteorologist, and an 

I a conical wall architect. His father. 

who was a clergyman, 
had designed a* new 
r^f for his parish church at East 
Knoyle, and no doubt Wren learnt 
something of the principles of archi- 
tecture from this parent. 

The first we hear of his work as a 
professional architect is when he was 
invited in 1661 by Charles the Second 
to act as surveyor-general to His 
Majesty’s Works, though nominally as 
an assistant to another official. 

The architect’s tomb in St. Paul’s 
is very modest, and is to be seen in the 
crypt of the cathedral. At the entrance 
to the choir is an inscriplion in XAtin^ 

” Si monumentam reaiurb, dtenm* 
spice,” which means, ”if you seek his 
monument look around.” 



WHAT THE MONSOON MEANS TO INDIA 

We often read in the newspaper that the monsoon is approachins^ India, or has broken over the country. 

What does this mean ? The reference is to a south-westerly wind that brings moisture to India and gives the 
vast peninsula the rain without which its millions of inhabitants would perish. Monsoon winds also blow in 
other parts of the world, as, for example, over Spain and Portugal, and they are not always wet. as we read in 

this account of the Indian monsoons 


T UI- prosperity ami welfare of tlu; 
wliolo of Imlia (i<*])e]hi more 
than anything clsi* on tin* south- 
west monsoons, vvinds wliicli blow over 
the country during the suinmer and 
bring the life-giving ram. Of (ourse, 
111 some areas tlie Th'itisii have made 
till* country partially independent ol 
the monsoons by organising gnsit 
irrigation sciuuiies, but monsoons and 
prosperity to all intiuits and ]>ui poses 
mean the same thing to India It 
llie south west monsoon fails to bring 
the rain at the pro])er se<ison bUTibh' 
<lisast('r star<*s tens of millions ol 
pi‘opU* m tlu* face. 

'I'be word " monsoon simiily ine.ms 
“ season," and it lias been given to tla* 
winds ol Ijidia b(‘c<iuse tli(‘\ Idow Iroiu 
ei'rtaiii diiei tions at certain st'asons of 
the >ear. In the winter, north-east 
ivionso )iis blow ai ross the eountrv and 


as these* winds tlo not ])4iss ovei water 
but < orne across Soutluun Siberia and 
over the Hinialay.i Monnlauis, tliey 
arc dry, ami arc spoken ot as tlie dry 
or winter monsoons 

'riiough, .IS a wliolc, the air i iirients 
«it this season eomo from tlu* north- 
east, tlicy are in nuiny parts div^erted 
horn llieir normal toursc' by tlu’ grt‘at 
nionntaiii ehani*^. and m tlu* valley ol 
the (ranges tbeir direction is irom the 
nortli- wist 

In suininei, how(‘Ver. wlien the Sun 
tniva ls north, the lotUv highlands are 
(piicKlv heated and the winds rush up 
Imin tlu* south 'Hus be gins at tlu* end 
ol Ajin), and by tlu* iimldlc ot June 
tlu* south-west or summer monsoon is 
blowing III full force* 'I'hese winds, 
lu*iiig w«inn, <’ollect a great «iinount ot 
moisture from the liuliim Oieaii as 
th(*v pass ovi't it, aiul th(‘n th<‘V give* 


tills up in tlu* lorin ot ram as tfu»s 
pass over the Indian peninsula. 

It IS the south' west luonstions that 
give India the greater jiart of tlie ram 
It r(*eeivt*s. The moist winds when they 
strike* the \Vt*stern Ghats cause an 
abundant rainfall over the westein 
coastal ])Iam, whicli lasts almost ceui 
tinuously tlirough May, June and 
July. i'lun ewer the* e*tistern half of 
ilic peninsula the rainfall is only 
sliglit, but it im’n*ase*s again whe*n the* 
still moist wnuls re'acli the* ]>e*c<.aii 
t )n t h(*\ pass, ove*r llie* luit plains, giving 
u}) none* ol llioir moisture, but the rain 
falls agriiii when the* winds strike* tlu 
north we’stern Ifmialayas. 

Tlu* seiiitli- ue'st monsoein alsei givi‘s 
heav’y lains to the* south aiul west ol 
(leylon, and .tiler p.issing over tlu* Jkiy 
of 'lk*ngal vvat(‘rs lu'arly tlu* wluile eif 
Thirma 



This ohotomaoh shows the approach of the south-west monsoon over the River Hooghly on which the city of CalcutU is situated. 
Th» neoole watch anxiously for its coming and when the dark clouds are seen, as here, great is their joy 
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NiaEara is a magnificent sight in winter, when Jack |^*3'ij'2I'»et in ttje^Stoti^ iramewiwk, tieeds to be seen 

from the FaUs cSms everything wd b<«omes frozen, and Ae b^uty F^ls, ^ 
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RAIN FALLING OVER THE DRY DESERT 



■e are parts of the Sahara where the ground is perfectly dry, and is never moistened by rain from one year s end to another. Yet 
1 in thw parts from time to time clouds are seen in the sky, blomi across by the wmds from the JSii'lSSl.v ““.If: u'lf 


There i 

*rt d Iwwof wr^l^TyWd up thdr moSmr7,''vi*teh'faiis as minT' But where does the rain go, seeing it nwer reachw the parched, 
S mund Wow? Well, « it falls from the colder regions above it reaches Uyers of air m^e hot by radiation from the 
^ * sun-warmed ground, and here the rain evaporates while falling, changing back into invisible water vapour 
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WHY THE SNOW WRECKS THE TELEGRAPH WIRES 

It seems wonderful that a substance as light as snow can, when it settles on objects as slight as telegraph and 
telephone wires, bring these down with a crash. Many people cannot understand the mystery, but it is really 
quite simple when we know the facts, which are set out on this page 

W iiKN thorn is a really severe snow- rlepositod. But when there is a hard thousands of miles of telegraph and 

slorni with hiird frost and a frost the snow is frozen into icc, and a telephone wires with the poles that 

strcMig wind, the telegraph cubic' foot of icc weighs 57 J pounds; supported them were thrown to the 

Wires all over the country meet with that is, two cubic feet, which is not a ground. It took some years to get 

disaster. J'he, snow settles on the very great volume, weighs over a evervdhing right afterwards. This 

wires, and as these are blown to and hundredweight. was without the snow on the wires, 

fro by the fierce wind they sway and We can understand, therefore, that When this additional strain is added 

eitht'r snap their poles or tear tlunn out when there is an accumulation of frozen it is a marvel that more damage is not 

oi the ground In a storm that occurred snow on a numerous collection of tele- done than actually is. 

Ill hVbruary, 1033, for example- the grajili wires, the weight is very great. In America worse storms are ex- 

liercesi blizzard that Britain had ex- In one blizzard, for example, the weight pencnccd than ever come to Bnglaiul. 

{KTienced for half a century —hundreds of frozen snow on a run of eighty During a .storm in December, 1924. 

of miles o 1 1 elegra}>h and tidejilione telephone wires was four tons for each which l>egau a w^eek before Christmas, 

wires wer<' wrer kt'd in this way. .span Ixdween the poles. 1'he strain and swept along a Ixdt 150 miU'S wide, 

What is it that gives tlui snow its iqion the wires, therefore, when a from 'I'c'xas to the Great Lakes, in three 

great power to do .so much harm? tierce wind was blowing anti hurling States alont' the fn)zeii snow' tore down 

\Will. It must be remembered that Ihest* four tons together wuth the 34,000 poles and put more than 25,000 

although single flakes t)l snow are very wires to and fro. must have been miles of lelejihone wares out of use. 



A photograph of the main road through a village in Wales taken after a heavy snow storm. The snow, settling on the telegraph and 
telephone wires and freezing, has loaded them with such a weight that it has brought them down with a crash. 

light, when they are accumulated in terrific. No wonder that the .strain During a fierce snow-storm in 
masses and pressed together with the snapped off the poles or tore them from December, i()2q, the mas.se.s of snow 

weight of additional flakes on top, they the ground by the hundred. caused a breakdown of the distribution 

form an appreciable load. A telegraph pole is, of course, of electric power from Niagara Falls. 

Take, for instance, a tree. We know fairly stout and strong, and without Fifteen great towers belonging to one 

that in tenific snow-storms tree.s .some- a wind it could resist the pull o1 the company alone collapsed, and all the 

times have their boughs broken off by weight upon the wires. But the wind power lines from the Falls to the city 

the weight of snow. It has been esti- adds enormously to the strain and of Buffalo, except one, were wrecked, 

mated that a tree fifty feet high and disaster follows. Even this could not be used until a 

with a circumference, including all its It must l>e remembered that even heating current had been sent through 

branches, of just over sixty feet, after without the ciccumulation of snow on the wire.s to melt the heavy coating of 

a heavy snow-storm carries a burden of the wires the wind, when it is really ice that surrounded them. Hundreds of 

as mucli as five tons of snow. fierce, can play havoc with telegraph tree,s were blown across the^ roads. 

Of course, if there is not a hard frost and telephone wires. Just before the and this made it exceedingly difficult 

the snow soon gets blown from the Great War a terrific rain and wind for the repairing staffs to begin making 

tree or other place on which it has been storm swept across England, and good the damage. 
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NOISY WORK THAT CANNOT BE HEARD 


O NCiv upon a. time we were told that 
a noisy noise annoys an oyster 
most ; hut rectmt expi'iimeiits 
with noises have ])rovcd that althouj^h 
a noisy noise can he annovinj;. to 
hinnans as well as to oysters, it is the 
noises we cannot hear that are im- 
portant. Indeed, some of these silent 
noises can destroy livin/^ thin/js. 

There arc certain noises whieli have 
such a hijth pitch that they cannot he 
heard by tlu' hum«ni ear. Scientists 
call this curiosity ultrasonics and ih-hne 
it as a zone of vibrations which are so 
intense that tlu'y cannot he detect <‘d 
by the liiunan ear. 

Sound travels in waves and at 
normal pitch halters us on 
the eardrums to a decree of 
intcmsitv ^ov(‘rned by the 
lenji^th of the wavi* ; long 
waves are heard as a 
whisjjer, hut as the waves 
shorten they strike the t;ar 
drum niorefrequimtly. so ex- 
plaining wliy a partiriilarly 
loud noise, whic h is made 
up of a series of shoit and 
frecjuent waves, has sc'rions 
effect upon the nerves. 

Should the sound xihrations 
become exctissivelv rajnd, 
tlii'v get he\'ond tlie range 
of heating, and may mount 
u]) sufliciently to destroy the 
(jaidruiTi. 

Radio waves furnish a 
good jiarallel. W'hen we tune 
in to a hroadi:ast the long 
ethcT wa\es have no ettect 
upon our bodies, but if we 
get in the; ])ath of the much 
short CM* w'avchuigths of X-rays, which 
are just the same* kind of waves, we 
would soon find ourseivc’s suffering 
serious consec|ueiices, 

ITuman and animal ears do not al- 
ways hear the .same* kind of noise. 
Dogs, for cxainjile, can liear noises 
which we cannot (ic‘tect, and you can 
bin s|)(*cial dog whistle's wdiich when 
blown give a note that can be heard by 
the dog but not by his mastc^r. 

ITofessor (laines, of Texas University, 
U.S..^., was the first scientist seriously 
to study these eiirioiis sih'Tit noises. 
His appaiatus consist(*d of a nicked tube' 
u inches long and throe-quarter.s of an 
ineli m diameder jilaced between the 
arms of an electromagnet. When an 
electne;al pressure of several thousands 
of volts was apjilied to the niagned the 
nickel tube^ vibratcxl, and when the tube 
was tapjHul sharply it gave out a note 
like that e)f a tuning fork. 

When such a tube* is sounded or 
vibrated in the air, its vibration is so 
intense that the tube splits in the 
centre, so to slop this the lowe^r jiart of 
the tube is kept dipjied into a tank of 
water, wliich damps down the vibra- 
tions. The noi.se of the vibrations 
cannot be heard by the Imman ear, but 


they can be detocled by special e'le*c- 
trical listening mstrunu'iits. 

1‘rofe‘ssor ('.ams found that wdu'ii the 
tube was vibraleil or sounded in w.iten 
a smalt fountain was tin own uj). ddns 
pieived that the “ siltMit ” .souml u'^avt's 
from the tulx* wi‘re of such a high pile h 
or intc'iisity that the water wa.s being 
liammeie'd d'he hanniiering of the* 
water then refl«'e.de‘d back against 
the* tube*. Microse'opic examination 
sho\v(‘(l tiiu' scratches whe're* the jioimd- 
ing of the water had elamagc'd the tube’ 

The n<‘\( slf'p was to design an el(‘c- 
tnc’al generator foi producing ultrasonie* 
Mhr.itions, and much ed the* pioiu'ei 
work ill the de.‘sign and eqHTation of 


these machines h^a f>een carrie*d out in 
Ihitain ]»y .MuUftrd Elect roiiie.s, who 
supplied the illustrations on this jxige. 

If some blood corpuscles aie jdaeed 
within the “ sound range." of a tube 
coniurctc'd to an ultrasonie generator, 
all the cells will 
l.)(' broke'ii up in 
tell minutes. A 
liog held imar 
the tube will be 
killed 1 11 fi vt^ 
minutes. If ye:Hi 
held your linger 
m tile path of the 
sound it would 
become numb, 

Jt then oe’c’ur- 
rexl to scientists 
that if ultrasonie 
Titiise could 
lireak up blood 
corpusek's, silent 
sound might be' 
used to kill bac- 
tei la ill milk and 
othei liejuids- 
Milk frt^sh 
from the', cow 
contains bju> 
teria. l)ut pro- 


viek'd the c'ow is health v and the^ milk 
is consumed soon aftcT it has been ob- 
taiiu-d, the bat ti’na ha-* lillk' ill-eltc'ct. 
Hut shoukl some* time* ekqi.se* be'tvvecii 
milking and c'oiisunqition the tempeia 
tun* i)f tlie* imlk Avill rise siiiheieiith* 
to inc'rease the* niimher of bacteria 
to se'veTal hundre'd thousand })<*r drop 
To jin*\ent tliis, milk for e'ommeMcial 
distribution i.s jiastcunsc'd, that is, it is 
heatc'd in vats until the baetcuia an* 
made harmless, 

WIk'H bacti'iia- lad(:*n milk is llowed 
jiast a tube giving out ultrasonic 

vibiations the bae‘ti‘na are* ek*st roved 
bt'e'ause tlie vibrations loice* the bat - 
leria tirst in one dne'ction them in 

another with such force that 
the'v ai'e torn to jiieces. 

Purifying milk by .sound 
lias tw’o gn‘a,t aeh'aiitage's 
ove-i pasteurisation. Ib-aling 
milk, the pasteuri.sation 
nu'tliod, does not kill all 
the liacteiia, a projiortion 
of which merely bee'oine* 
inactive* and revive' wfion 
the' milk cools. Morc'os t'r, 
the* high tempi;ratiire is liable 
te» sjioil tlu; vitamin eon- 
tc'iits of the milk. On the* 
othe;r hane.1, noise treat numt 
elkrtivelv kills all the* 
h,ute*riaand as no reheating 
IS used none of the; food 
value* e)f the* milk is leist 
Killing bae te*na bv noise* 
is still m llu* expennv'ntal 
stage, I)n1 some dav' oui 
milk may be; purifie'd bA* 
silent semnd. 

( 'llra.sonie s has bi*en use*el 
sue cc*s.sfull\ for removing dirt, 'riu* 
article' to be cleane;d. whether textile*, 
glass, metal or jilastie, is j)lace*(l m water 
and the; vibratums literally shake? oil the 
ehrt. Silent ,souiid will also join metals 
bv hattenng them leigelhei. 



When the metal rod bein^ held in this tank of water is remotred, it 
will be found to have been pitted by the sound vibrations from the 
generator. The sound vibrations arc strong enough to kill frogs 
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water in a tank to rise like a fountain. The drum on the left, which 
is connected to an electric gencrat^, produce.s the sound vibratioms 
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THE IMPORTANCE OF THE BIG HOOK 

When a powerful crane has been made with its wonderful mechanism for lifting enormous weights, 
everything depends for its success upon the strength of the hook and chain that lift the weight. These, 
as we read below, must be of the greatest strength and of flawless metal, otherwise there will be disaster. 
The hook at the end of the chain which supports the weight is constantly subiected to enormous strains 


H ave you ever realised when 
looking at a great crane 
at work drawing up a 
Jocornotive or otlier heavy load, 
that tlie whole crane wouUl be 
rendered useU;ss if the chain or 
the hook supporting the load 
broke ? 

Tile links and hooks that hold 
up the enormous weights are 
rt^ally in themselves marvellous 
pieces of mLu:Jiinery. The ordin- 
ary person gives little thought to 
them, but the designer of a hook 
realises the enormous resiionsi- 
bility that rests upon him, and 
designs the hook with as much 
skill and care as if he were 
designing the craiK? itself. 

'I'he strength of the hook at 
the end of the chain depends 
upon two things. First of all it 
must be designed correctly so 
that the strain when it is sup- 
porting a great weight falls in 
th(* right place, and no part of 
the hook is strained out of pro- 
portion At the same time it is 
absolutely essential that the 
hook should be made of the very 
finest steel, without a single flaw 

The Unseen Flaw 

An imscen ilaw in the middle 
of the metal might result in a 
terrible a<'cident, for as one weak 
link in a chain is likely to cause 
a fracture and render tJie chain 
useless, so one weak spot in the 
metal may render an otherwi.se 
powerful hook weak and ex- 
tremely dangerous. 

These giant hook.s are, ol 
course, made of steel, and the 
steel is of a very special kind, 
usually tough and with the power 
of resisting great pulling and 
breaking strains. 

Steel has been made for cen- 
turies, but it is only in recent 
times that these particularly 
tough steels have been pro- 
duced. If it were not for the in- 
vention of these improved forms 
of steel it would be impossible 
to lift the weights tliat aie now 
raised by means of cranes. 

Steel is a term that is very 
difficult to define. It is a mixture 
of iron and carbon, but so also 
is wrought iron. Ever5dhing 
depends upon the proportion of 
carbon to iron, and this varies 
in different kinds of steel. 



Here is a type of hook iisod with heavy cranes. It is 
designed on definite prioc^les. The strain allowed for at 
the top must not be more than a ton and a half per 
square inch of hook thickness, and there must be great 
strength at the curve where the hook is most likely to bend. 



Here is what is known as a releasing hook. When it is 
desired to release the load the hook is supporting, the rope 
seen in the first picture is pulled and the load is thrown off 


Pure iron is u jiroduct that is 
«‘xcce(lingly dilhcult 1o obtain, 
and is proflnrc-tl only in the 
lalioralory. When iron tire is 
melted in the lilast fu mat e the 
metal is drawn nit and is known 
as cast iron, or }>ig iron. This 
contains Irom 3 to 5 per <'en1. 
of carbon. besuli*s a .small pei- 
centage of other siil)slanc(‘s, like 
.silicon, niangane.se, phosphorus 
and sulphur The percentage of 
iron IS generally from 02 to 04* 
Iron of this kind is very hartl, 
but also very brittle 

Wrought iron i.s manufactured 
by hefitmg pig iron in a piuklle- 
furnare lined with hematite or 
magnetite, which furnish t; s 
oxygon to burn out the carbon, 
silicon, manganese, phosphorus 
and sulphur in the pig iron. The 
oxygen of the air also helps in 
the process. The result is an 
iron which contains only *i to *2 
percent, of carbon. It is very 
tough and malleable and has 
great tensile strength. 

Soft and Hard Steel 

SU‘el also is made from pig 
iron by one of two processes, 
the B^^s.scmer proc'css or the 
Clpen-llcailh process In .steel, 
curioiusly enough, there is any- 
thing up to 2 per cent, of carbon 
with minute cjuantities of silicon, 
phosphorus and sulphur. The 
le.ss carbon there is the softer is 
file steel. 

When the percentage of car- 
bon is increased the steel be- 
comes bartler and less ductile, 
but its strength increase.^ until 
it reaches just over i per cent,, 
when the strengtli decrea.ses 

Steel of all kinds is less brittle 
than ca..st ircjii, and of greater 
tensile strength than wrought 
iron. " Tensile ” simply means 
that it can be stretched without 
breaking 

Nowadays steel is made 
much tougher and stronger by 
the addition of small quantities 
of such metals as chromium, 
nickel, tungsten, molybdenum 
and vanadium. By adding *6 per 
cent, of vanadium the ten.sile 
strength of steel is raised from 
30 tons to 85 tons per square 
inch. The making of these strong 
steels of various kinds is a com- 
plete science in itself. 






EXPERIMENTS THAT ILLUSTRATE COHESION 


T ill-: rcMson that things do not lull 
ajMi’t that tlu* of 

uliuli lla van' formed an* licltl 
to»^'(‘tluM liy a lor't'i' railed ('ohesion 
W'e ie.nl alioiit this foK e 


siihstanres this is found to have pfreat 
('oliesioii, n(»t only with the wood, bnt 
witli tlie )M|>er also. How the cohesion 
Ix twccn diftcrent substances vanes ran 


be (‘asily proved by trying to write on 
a blackboard with different materials. 
First w(‘ take a j)ie('e of clialk. and as 
we writt* the j^articles of chalk adhere 
^ to the board and the 


pae.t's 117 to tio> 
ari‘ a num’oer ot sirnplt* 
iiix ii Is whn Ij we (an 
a!) ]ht1(>i in and u Ijk h arc 
illustrations ol tins lorce 
I-'veiv boy ot gni who 
makes a sand juc on the 
beach know^ that if the 
sand IS dr\' tlie pie nill not 
statnl up, bnt as soon as 
It IS tin lied t)u1 of th<‘ p<ul 
1h(‘ glams ol sand all fall 
togetln'r in a heap. 11, 
ho\\(‘V('r, the sand is moist, 
then a ( lean, neat y)i(‘ can 
be turned out ol tht' ]>ail, 
and the* more moist lh<' 
sand IS, as, lor example, 
when the tidi* has only re^ 
cently gom* out. the bettt*r 
will ’th(‘ sand grains hold 
tog('ther, 

Cohesive Force of Water 

'the e.xpla nation ol the 
matter is that there is 
nicn'e ('ohesion between the 
]).irtieU's ol wat(‘T than 
1hen‘ IS between the y^arti- 
cles ol sand, and so when 
till* sand grains «ire covered 
with moisture Hk'v hold 
together b(‘('aus<‘ ot the 
cohesive force of th(' water. 

Tli‘rt‘ is a very siiny)Ie ex- 
y)eriment winch shows whj^ 
th«‘ wallpay)er hangs on the 
wall, lake a board and 
])Lue a, sheet of y>a[)e!' on 
it. Now hold the board uyj 
yierpendicularly, and the 
jiayieu will slij) oft, Ifut if 
a tew dabs of yxiste or 
gum be j)ut on the yiayw 
UTul it then bi* y>laced cm 

the board, it will adhere 
and not sliy) oil. 

Here agriin th(‘re is 
yiractually no cohesion 
between the yiartules of 
the woo<l and the ymrticles 
of the y)ay)ei. Ihit when 
the moist past(‘ or gum is 
yilaced between the two 



In making a sand pie use damp sand as the water helps cohesion 



There is no cohesion between paper and wood, but much between 
these and paste or gum 



It is cohesion that makes the chalk adhere to the blackboard. There 
is less cohesion with shale and none with flint or granite 


writing is ydain and clear. 

Now, instead of chalk 
let us use a yuece of shakx 
W hat is th<‘ result ^ Tlaue 
is iai li*ss etjhesioJi between 
tlie yxirticles of shale and 
the tioard, and .so, while 
we can see the writing, it 
IS not .so bold and clear. 
Now let 11s use a. yiieee of 
stoni*. such as flint or 
granite, 'riiere is no cohe- 
sion at all betw(‘en the 
yi.Li tides ot stone aiul the 
l)oard, and the result is that 
no writing ran he seen. 

A Biscuit and a Penny 

Th(‘ reason some sub- 
.st.mces arc .so much easier 
to bn'ak than others is 
Ixsause the coh(‘sion 
bt-*tw(‘en the yxirtalc's is 
less .strong. I.ifl us ha\e 
an obj<‘td les.son m this, 
by taking a biscuit, a 
piece c)f straw board, that 
IS, brown cardboard, a 
jiiece of wood, and a 
yienny. 

Th(’ sligliti‘st yiressiire 
on thc‘ two ends will busik 
the biscuit. Heie the 
cidiesion reijuires veiy 
little tone to ()\'ercoine 
it. It we try to bleak the 
strawboard m the same 
way we hnd that this is 
ea.sy to do, althougli con- 
siderably more lone is 
nc'ccled than to break the 
biscuit. W'lth wood the 
cohe.sicni ot the* ]>artidc\s 
is much stronger and it is 
not easy to l>n*ak tlu'wooci 
withoni u.siiig gnsit force 
and leverage. When we 
come to the yieiiny, the 
cohc'sion of the particJiLS 
is so strong that our hands 
are not powerful enough to 
break it. It w'ould reejuire 
a yery gn»at force indeed 
tc^ do this 



It is interesting to test the different degrees ol cohesion between the particles of various substances. A biscuit will break easily, as in 
the first picture, and cardboard less easily, as in the second. It takes much force to overcome the cohesion in wood, and our Angers 

are not strong enough to overcome the cohesion in the metal of a penny 
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WHY A KITE GOES UP INTO THE AIR 



It may seem very wonderful that a kite can be flown high up in the air, but the reason it goes up and stays up is explained in this 
picture. The kite is held up by one person while another runs with the string. As he does so the wind blows horizontfidly against the 
slanting face of the kite. It is deflected from the kite’s face at an angle in the same way as a rubber ball is deflected if we throw 
it slantingly ^at an upright wall. As the wind comes off the kite it gives the kite a push In the opposite direction, and this is called 
reaction. Now the kite does not go in the direction in which the wind is blowing, that is horizontally, nor does it go up in the direction 
of the reaction. It takes a middle course, as indicated by the arrow in the top right-hand part of the picture. The wind, however, is 
not the only force acting on the kite. The string is pulling it downward in a slanting direction. The kite can go, therefore, neither 
in the direction of the string nor in the direction the wind is pushing it, but in between the two. This actual direction we get by forming 
a parallelogram on the line of string and the line representing the direction of the wind’s action. The actual path of the kite is the 

result of the two forces of the string’s pull and the wind’s action 
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THE BEAUTY OF THE SILHOUETTE PHOTOGRAPH 



There is great beauty in what is known as a silhouette photograph, that is a photograph in which various objects such as trees, buildings, 
hedges and people stand out black or very dark against a light baclq^round. Here ts a striking example in landscape photography. Such 
« a picture is an illustration of what may be described as the relativity of tight. Light, tike sice and motion, is only relative. A lamp or 
gas flame may be very bright compared with a candle flame, but if held up in front of the sun’s disc it would appear black. Of course 
ft would not be black, nor would it be burning an/ acss brightly than when looked at in a dark room, but compared with the sun’s 
brilliance it would seem dark. So in the photographs given here the trees and people are not black, but only appear so against the sky 
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GOOD EXAMPLES OF THE RELATIVITY OF LIGHT 



In this DhotoKTSph the bathers are running along a ridge and their figures stand out silhouetted against the bright shy. It is 

M wiaf Stua^oS lor a Slhouette photograjh. Indoor profile portraits of the silhouette kind ii»y be obtained by idling a sitter side-Iwe 
a briSrtly knd slightly under-exposing the plate. The face wd head vnll then stand out bl^k 

S^nlrt a white Siround. ^y boy or girl will find it interesting to try such photographs. Th^e word sUhouette comM from the 
name of Etienne de Silhouette, a French finance minister of 1759, who to replenish the exhausted Treasury pwt^d ^ sorts ^ 
ie^^ei His naiM was transferred to the black type of portrait because that was eery economical conned with a painted portrait, 

economies. H^n^ w« “ “V lo„^„ J to cut sUhouette portraits out of black paper for a few pence 
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Wh»n th. tirf*. has to run uo a narrow channel, as for example the estuary of a river, the water gets piled up because, being unable to 
estuary at the spring tide season is sometimes as much as fifty feet. On several occasions this bore has done much damage 
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to the rushing up of the tidal wave, but also to the swaying to and fro of the whole of the siater in the bay 
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WHY THE RIVER SEVERN HAS A BORE 

In the open sea the tide or tidal wave due to the raising of the water by the attraction of the Moon, or Moon 
and Sun combined, is merely an up and down movement. Every particle of water in the ocean, even at the 
bottom of the sea, takes part in this motion. At the high spring tides the rise is only about four feet. In 
narrow channels and round coast lines, however, the tide causes a wave or current which moves backward 
and forward, and here we read something about this 


T ill!, heigtit of the tide viiries a great 
dcaJ in diilorent parts of the 
worki, and iiuk^^d in dilleront 
places which are not mau}^ miles 
apart. The form of the land and 
other causes lead to variations. 

As wt‘ read in aiu^tJier part of this 
book (page 312) a great tidal wave is 
caused the attraction of the Moon. 
This tulal wave movt's fastest and 
rises least in the open sea. but as it 
approaches land two things happen ; 
its s])ee(l is slowed down, and as a 
consequence its height is increased. 
When it passes into 


alil(i to spread out in so narrow a bay 
was compelk‘d to pik‘ itself up. hence 
the very high tide. But c.t refill in- 
vestigations winch havt' been made in 
recent years have shown that this is not 
the sole cause ot the liigh tide in tlu* 
Hay ol k'undy 

We know how if we give gentle 
pushes to a child's swing it will gradually 
sway to and Iro till at last it is swinging 
quite high. Wi‘ll, this is what liap])iMis 
to the water m the Bay of ]‘‘undy. Die 
tidal wave* eonu‘S along and givt's it 
a ])ush. which sets it swaying. Die 


water begins moving as the swing 
does. Some hours later the tKJ.vt 
tidal wav(* gives another push, and so 
the repetition of these puslu's keeps 
the wati'r m the Jkiy continually sw.iy- 
ing to and fro 

It has l)een loiiml by careful obsiTva 
lion that the tune taken for the water 
in th(? Ikiy to rock to and fro is just 
j)ver twelve hours, and this cone, sponds 
to the period of the tides. Die same 
tiling IS probably true ol some other 
])arts of the world, where the con- 
ditions an* somewhat similar. 

ICven m England 


a narrow eliannel or 
estuary this growing 
h(‘ighl of the tidal wave 
is still inon' empha- 
sised. While in tin* open 
Bacihe Ocean the tidal 
wave rises hardly two 
feet above Die general 
levid, in the narrow 
Hay ol Kundy, lielwtvn 
Nova S(*oDa anrl New 
H r n n s vv i c k, it ri.s(‘s 
sometimes ns much as 
70 leet. 

Die Mediterranean 
and ID 1 tic S<*as, on the 
other hand, are almost 
tideless, Diis is cliielly 
due to tlie fact that 
tlu’ir eiitiaiK't’s are very 
narrow, while inside 
they liroaden out very 
much, Dieir shape is 
indeed something like 
that of a bag with .1 
narrow lUick. 

Astonishing Tides 

The high e s t tide 
known anywhen' in the 
world is that in the JDy 
of FundjT alnMdy re- 
ferred to. For six 
hours the water rises 
and then during tlu* 
next SIX hours it falls, 
and there are periods 
when tlic ri.se or fall is 
more than twelve feet 
in a single hour. 

It wa.s supjio.sed until 
<piitc‘ recently that tins 
astonishing rise was due 
entirely to the fact of 



there a.re some vcm'v 
high tides b'or in- 
stance, ihe highest 
spring-tide at ('ardift 
Hocks rises 42 feet. 

When tilt* tide rushes 
up a narrow channid. 
it is called a bore, which 
comes from an old Norse 
word " bora.” meaning 
" a wav^e.” (\)ne of tlie 
biggest bores is found 
in th(‘ estuary of the 
Scvc'rn, where the tidal 
wave coining m from 
the Atlantic rushes up 
the HnstoJ Fhamirl, 
tlie water being piled 
Up til) it forms a wall 
niiK,’ fi‘('t high, which 
moves up the e.stuary. 

A Fifty-Foot Rise 

Soinet lines it does so 
with such force as to do 
niiich damage. IniHH^, 
lor exampk*, tlu're was 
a particularly destruc- 
tive bore in tlu! Severn 
The total rise of the tid<‘ 
at lhi‘ spring tidesea..sori 
IS somelimi's tifty feed. 

The Jiiling up of the 
ti(l(‘ waters to form a 
bore is found in other 
parts of th<‘ world. 
There is a very marked 
h on? i n t h e R i v e r 
Amazon, and a similar 
phenomenon is found 
m the Ganges and in 
the big rivers that run 
into the (.'hina Si'a and 
Yellow Sea. There is 


the tidal wave rushing How the tides come round the coasts of the British Isles. The figures show a bore of consider- 

up a nan ow" cul-de-sac : the times of high tide at the new and full moon. The lines link up the parts able proportions in the 
the water not being which have high tide at the same hour River Seine in bVance. 






These pictures show how a coral island is formed, according to Darwin. First of all the coral polyps, which must live in shallow water, 
begin building their framework round a volcanic island near the surface. Gradually the island sinks, and as the polyps die fresh 
frameworks are built, until there is a hard mass of rocky coral forming a fringe round the old island, just below the surface of the water, 
as shown here. This is known to students of geography as a Fringing Reef. Later stages in the history of the coral island are given below 




BARRIER REEfi 


ks the island sinks the coral polyps go on building up the reef, which now extends a considerable distance from the land. The reef on 
the sea side is very steep, and between it and the island is a deep lagoon. The reef is now called a Barrier Reef 



This is what the coral island or atoll looks like in its last stage. The reef is piled up by masses of coral being broken off and thrown up 
by the waves. By weathering, the surface is broken up into soil, and vegetation begins from seeds washed ashore or dropped by birds 
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WHAT GOES ON IN A BEEHIVE 

How many people who pass a beehive and see the bees flying to and fro and hear them humming realise 
the wonderful romance that centres around this insect community? With the exception of that of the ants« 
it 18 doubtful if any natuie story is so remarkable and thrilling as that of the bees. Here is the story of 

what goes on in the hive 

I N a beehive there is a community of But all the l>eesdonot joni thecrowd clustering together closely. I'ho fluid 
from 30,000 to 60,000 individuals atlherotjf. Some crawl about exaniiii- wax is moulded and cools into litth* 

so organised that every mcinher has ing \ Ur various parts of the hive, and if scales which are jnished out of t h(‘ wax 

his or her duties, and where the work then* is any rubbish lying about, such pockets. The scales look verv much 

is so divided up and shared out that as twigs 01 leaves, they drag these out as if they were made of mica. The Ihm* 

nothing is left undone. of the hive and make the jdact‘ tidy, then removes each scale in turn by 

There are foragers for food, gatherers While they are doing this other l)et*s ‘means oi the pincers on its hind legs, 

of raw material, warehouse«nien, remain on guard round about the en- transfers it to the front legs and passes 

scavengers, water-carriers, chemists, trances to kei‘p out any strangers tliat the sc'ale to its mouth, vvliere the jaws 

architects, manufacturers, 11 n d e r - do not bt;long to this particular com- chew^ it u]) and mix it wuth saliva till it 

takers and guards. There are those munity. Strange bees from other is soft enough to be moulded, 

who see to the ventilation and heating swarms or hives, if they tried to enter, All the workers hanging to the roof 
of the hive and to its sanitary condi- would be stung to death. of the hive are busy producing w'^ax, and 

tion ; there are those who look after u silenc<\ First one plate 

the children, while others s(‘e tliat How the Comb Is Built ^vax then another is attached to the 

slackers and criminals are severely The first real business in organising roof of the hive till at la.st there is a 
dealt with. the In^e city is to build the comb in piece of while wax hanging. This is 

It is a wonderful story, and to give which the eggs will be laid, the young the foundation of the comb, for the 

it in anything like detail would require reared, and the honey stored. But bee, unlike ourselves, who build up- 

a large volume. Here, however, we before^ the liuilding can start, the wax, ward from the ground, builds down- 

shall obtain some idea of how the bee of which the combs ar(‘ formed, must ward from the roof, 

lives and works, and how it justifies the ho maniifacturiid by the bees, and this One after another the bees contribute 
practice of holding it u]i for cimilatioii is done by the workers. The abdomen to this siqqdy of wax. and then archi- 

as an example of industry. of each is ma<le UP of six rings, and tect bees shape the first cells, hollowing 

In order that wc may follow the life under these are eigfit little iKickcts. By them out in a hexagonal or six-sided 

of the bee community, let us think of a means of certain ^[]|Mid.s the bee is able shape and placing them hack to back, 

swarm of bees entering or being placed to make from honey a certain quantity All the time more and more wax is 

in an empty hive. What is the first of wax. It is ti0t, doing this all the being produced, and at last a large 

thing the bees do? Well, they fly or time, but only wlen the wax is re- comb with many cells is ready. Neither 

climb to the roof of the hive and hang quired. * f the queen nor the drones possess the 

on by their claws. When every space Wax is prodiitjl|f< 3 |in a fluid condition, apparatus for making wax, and they 
is occupied other bees hang on to their and a tcniperat)ilraof from 87 degrees do not, therefore, take part in this work, 

fellows, and so at last there are festoons to 98 degrees F^thienheit is necessary. It must be ex})lain(jil that in bee- 

of bees hanging from the roof. This temperatu!^ Ithe bees obtain by keeping the wax is provided by the 



The left-hand picture shows a magnified view of the queen bee’s face and the right-hand picture a drone’s face. The lattice work 
parts at the sides are compound eyes with many facets, the round spots are simple eyes, and the antenna or feelers are in front 
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WONDERS OF ANIMAL AND PLANT LIFE 


liuninn owikm, who pl;M rs frames ron 
tamiTiu wax m th(‘ luvt' "I'fiis s;ives 
tlie hee Die triMible ol nuikm^' the wax 
Ihlt the lire kee|H‘r <]o('S not do it 
tHH'aiise he loves tiu' het's , he do<‘s it 
to save ttie holU'V, loi Dk* bee makes 
wax out ol hom*y and uses from tiui to 
fdteeii. pounds <it honey to profliui* a 
single pound ol wax. 1 lierefore it 
))avs to give tlu' 1 h‘(‘s their wax, so that 
they may get on with the business of 
pioduMUg lionev lor theit owner 

Th(! six-sided torm of coll is wonder- 
iully ing<*nious, tor it giv'es tlie rnaxi- 
niuni ot strength and et’ononiises spa.ee, 
the eells fitting rIos(‘ly to one another 
w'lthout any waste, as then* woulil be 
it the eells were i ireular It tlu*y wa^re 
sijuare th(‘y would not be so strong. 

The bees leave nothing to ohanet*. 
Most ot the cells are pre]>an*d hir the 
h.ilching of worker bt‘es, and thi-se 
are each about a fiftli ot an inch in 
diameter. A few are prepared lor the 
hati’hing ot drone bees, and thi^se are 
made a little larger ; while for the 
rearing ot queens quite a ditterenl ty]»e 
of cell is prepared. ‘ yueen cells are 
much bigger and hang with Dieir open- 
ings downwanls 

The Queen and her Attendants 

In ordei to make room tor these 
queen cells, ot which theie an* three or 
four, i)art of tlio ordinary comb is cut 
away In the early stages of the cell- 
building the <|iieen wanders aimlessly 
about the hive, but as soon as there is a 
sufficient number of cells she begins her 
work, which is to lay eggs. Attendi'd 
by a mmihcr of other bees who might 
almost be regarded as lad ies-in- waiting, 
she selects a cell and lays tlie first egg. 
Hut before doing so she examines it 
well, and only places thcegg inside when 
slit; is satisfied 

The attendant bees wait round in a 
circle Then the queen moves to 
another cell and lays another 
egg, and so she continues She 
setmis to carry out her duties 
day and night without any rest, 
and all this time hei attendants 
keep her fed. clean ht't. and 
apparently eneourage her by 
stroking her with their ft'clers. 

It is now a race bef\vt‘(;n the 
qiH'en and the t ell builders, anti 
if the arthit(*cts w<*re not very 
busy they woukl l>e overtaken 
by the fpieen laying the eggs 
At last all the tells have been 
su])plied with eggs, and now 
thost‘ w^hich w'ert* first laid begin 
to hatch t)ut It lakes thiee or 
four day.s for the egg tti hatcli, 
and at first the bee is a small white grub 
which IS imnv*diatoly led by bees acting 
as nurses 

Just as liuman babies do not at once 
begin eating meat, so the newly hatched 
bfx; grubs an* not ted on honey but on 
a kind ot lH;e milk produced by the 
nurse lH*es from glands in their bodies. 
They turn ordinary honey into this bee 
milk, the firoper name of which is chyle 
food, a word from the Greek which 
simply means iuicc 


Alter about three da3^s the tocxl 
supplied to the little grubs is changed, 
and a richer hum c)l l>ee milk is given 
to 1 hi‘iii 'riie grub grows rapidly, casts 
its skin several times, and is th(‘n ready 
for the u(‘Xt stage of its existence, As 
soon as it is full-grown as a grub or 
larva, the workers come along and seal 
up tlu* cell with wax and the grub then 
spins a eocooii of silk in which it .soon 
begins to change into a chrysalis or 
nyni})h as it is called. 

Then all sorts ot alterations take 
]ilace 1'he head develops, th<; mouth 



The sting of a bee in its sheath, on the 
left, magnified and placed for com- 
parison by the side of a needle’s eye 

regains lorni, the divi.sion beconu's very 
marked between the head, thorax and 
.'ibdomen, little projections appear and 
(h'velop into legs and antenna', and the 
wings and sting become visible. Then 
the eyes ai‘<5 seen and the body which 
has hitherto been white acxpiires colour, 
ami in sixteen days from Die closing of 
th(' cell Du' grub has becomi' a perfect 
worker bee, and is ready to come out 
With its sharp jaws the young bee 
cuts a hole in tlie wax door and puts out 


an antimna, waving it alxiut as though 
feeling its way. Tlieii it goe.s on cutting 
the hole bigger until at last, assisted 
very often by the nurse bees, it comes 
right out, a pale, weak ('reature, but 
almost ri'ady for work. I'he nurses 
clean and feed it or perhaps we should 
say her, for every worker is a female bee ; 
it is only the drones that are males. 

Jn a few hours the newly hatched bee 
gets to work and herself l)ecomes a 
nurse feeding other newly hatched 


grubs. Then after a couple of weeks of 
this kind ot work she joins Die army of 
foragers that go out hunting for nectar 
and bring it back to the hive from the 
flowers. 

rhe birth of a drone bee is almost the 
same, except that he takes twenty five 
days to change from the egg to the 
p<*rfect iiisei't 

One of the wonderful things about 
Die worker bee witli her manifold duties 
in the complicated eomiminal life of the 
hive, is that she is born with all this 
knowledge; She does not have to learn 
to do things as do boys and girls. In 
oDkt words, she may !>e said to be born 
educated 'Vhi'n; is no school and no 
apprenticeshi]) lu'ccssary That is why 
we must not attribute tlu; bee’s marvel- 
lous skill to intelligence All its skill 
is with It from Inrth 

Nursing the Princesses 

The (pieeii bee's story is dillerent. 
Queen is lalher a loolisli name for the 
b(‘e that is really the mother of the 
hive She does not rule the eommunity 
ill any w'ay. It has already been 
explainetl that the architects make colls 
of spet'ial .sliape, size, and position for 
Dll' hatclimg of the pruH.es.ses who wilj 
later on become queen bees, though 
befon‘ tliey bei ome the mothers of new 
('oinmunities they may be slain in rage 
by the old (pieen with the liel]) and 
consent of the workers 

riiere will probably be three or lour 
of thes(‘ queen cells and they are better 
ventilated than tlu; ordinary cells As 
.soon as they are ready the nnr.si' bees 
take an egg from one of the worker's 
cells* which is not nion' than three days 
old, and place it in one of the queen 
cells. They do the same with tlu' other 
queen cells. I'onr days later the first 
egg hatches out into a grub. 

Now a wonderful thing happens. 
Instead of feeding it on the ordinary 
cliylt* food supplied to worker 
grubs, the mirsi'S feed the grub 
in the queen cell on a specially 
rich kind of food wMiich is only 
given U) grubs Dial an'inlmided 
to develop into (|M(*ens. On 
the ninth day the grub spins 
a cocoon and the cell is then 
closed U}>. A wet'k later the 
young princess is rt'ady to leave 
the cell, and slu; cuts her way 
out, after which the architect .s 
get busy aud fill up the large 
cell by constructing in its place 
a number ot smaller cells for the 
storage of iioney. The wax of 
the old cell is u.sed in the con- 
struction of tlu'se nc'W ones 
'fho marvel of the whole business, a 
matter not y<'t' understood by scientists, 
IS that the bees liy taking an ordinary 
egg, housing it specially, and feeding 
tlie ordinary grub on special kiod. can 
produce a special kind of bee ca]iable 
of laying many eggs that will develop 
into a new bee community. Thus we 
.see how the wonderful community is 
pnKhiced and grows up. 

The work of honey-gathering is 
described in another part of this book. 



The hind leg of a bee, magnified, with the pollen basket, 
seen here as a depression in the joint .shown on the right 
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THE MARVELLOUS ACTIVITY INSIDE A BEEHIVE 



In this picture ot a beehive the artist has cut away the iront and side to show us what goes on inside. On being placed m a hive 
many of the bees go to the roof and hang there producing wax for the comb. In modern hives, however, the wax is placed in the hives 
in frames, and this saves the bees the trouble of making it, and gives them more time for producing honey. The wax is shaped into 
hexagon cells, and in them the queen bee lays the eggs, some of which produce drones or male bees, but the majority worker or female 
bees. A few cells are enlarged, and these are for producing queen bees. When the eggs hatch out the young grubs are fed on bee 
milk, produced by nurse bees. Some eggs, however, are taken out from the worker cells and put in the queen cells. When these grubs 
hatch out, instead of being fed on ordinary bee food, they arc supplied with a special rich kind of food, and this apparently changes them 
into queen bees. Special bees act as architects to shape the cells, others wait upon the queen, and others act as nursemaids. Some bees, 
stand outside the hive to act as guards, and others act as scavengers, removing from the hive insects that may die and other refuse 
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THE OLDEST OF ALL THE FIBRE PLANTS 

Flax was the earliest of all the plants to be cultivated by man for its fibre. It would undoubtedly have 
remained the most important fibre plant had it not been for the discovery of America and the cultivation 
of cotton on a large scale with cheap labour, which made it cheaper than flax. Indeed, it was not until the 
nineteenth century that flax surrendered the first place to cotton. Here are interesting facts about flax. 


F lax still a very important coiii- 

iiuTrial plant, and is cultivated 
tor Its fibre, (rom which w<* make 
linen, and tor its seeds, from which we 
I 4 ('t linseed and linseed oil. Large 
<]iiantities ot flax are grown in Ireland, 
and formerly there were imuiy ticres 
under cultivatiiKi in Cheat l^ritain, but 
in recent years the growing of flax has 
fleCH'ased’ steadily in Great Britain, 
although King George V re-introduced 
its cultivation in East Anglia, and 
grew crops of flax at Saiulringham. 
In Kussia millions of acres are grown, 
and there are also Imndreds of thou- 
sands of acres given up to flax in other 
parts of the continent of Europe. 

No one can say where the flax 
originally came from, but it probably 
grew wild in Assyria and in the Nile 
Valley long before 
it was cultivat(3(l. 

Nowadays, however. 

It IS nowhere really a 
wild plant, although 
in England and else- 
where it is found 
growing wild, but in 
every case • it has 
escaped from the 
fields. 

How ancient the 
use of flax fibre is, is 
proved by the fact 
that the early 
Egyi:»tian mummies 
are wrapped in linen 
cloths, and we find 
pictures of the grow- 
ing flax plant carved 
on the tombs of 
Ancient Egypt. 


A Soft Fabric 

That it was an 
article of luxury is 
proved by the refer- 
ences in the Bible 
to the splendour of 
kings, who are 
<lcscrib.3d as being 
“ clothed in purple 
and fine linen 

Of course it makes 
a much finer fabric 
than cotton, and 
when woven and 
bleached has a 
snowy whiteness 
and a silky lustre 
that has always 
made it very attrac- 
tive. In fact, finely 
woven linen is a 
very beautiful and 
soft fabric 

The cultivation 
of flax must have 


very viuly passed into Europe, lor we 
know that the Lake Dwellers of 
Switzerland, who lived in the Stone 
Age, grew and wove the fibre. 

The higher cost of linen over cotton 
is due not only to the greater ex]xui.‘-e 
of growing and harvesting the crop, 
but also to the fact that in the after- 
processes there is much more hand- 
work nceclefi than in the case of cotton ; 
although much flax and linen pro- 
cessing is now done by machinery. 

Flax grows as a aelicate branched 
jilant two or tliree feet Ingh, and it has 
narrow, long leaves, which are opposite 
t o one anotluu* on the stein. N iimcri>iis 
pale blue flowers are produced, and 
these develop into round five-charn- 
bered (apsulc.s, each chamber con- 
taining two .seeds. Longfellow refers 
to the dainty blue flowers of the flax 



The flex plant, its different parts, and various stages in its growth 

830 


plant when in his poem, “ The Wreck 
of the liesperiLs,’* he .says of th(' skip- 
per’s little daughter, " Blue were her 
eyes as the fan*}' flax.” 

Flax needs a heavy, rich, well- 
drained loam soil, and the .seeds have 
to be hand-sown and the plants hand- 
wceded. It also has to gathered by 
hand, handfuls being pulled up and 
then laid out on the ground for drying. 
To get tlui seeds out, the worker takes 
a handful at a time and draws the 
heads through a fixed comb, the cap- 
sules rolling oil as the plants arc drawn 
through the teeth. 

The stems are then retted, that is, 
they are either laid out in the dew' and 
rain, or placed in pools of soft water. 
Th(‘ stems rot and the fibre falls to the 
bottom. This process takes about a 
fortnight, and tliroughout it there is a 
very' offensive smell 
from the wiiter 
The flax stems 
are then spread out 
in rows to dry, and 
then they Ji r e 
b r o k e n between 
rollers and scutched 
or beaten by wooden 
blades to separate 
the woody matter 
from the flax. After 
being finally cleaned 
the flax is baltnl and 
sent to the market. 


Fine and Strong 

A single fibre of 
flax may be over a 
foot long, and though 
one of the finest of 
fibres, it is stronger 
than iujy other. 

When flax i s 
cultivated chiefly 
for its fibre it is 
harvested before 
the c.apsules have 
ripened. But if the 
crop is wanted for 
the production of 
linseed meal and oil, 
then the capsules 
are allowed to get 
ripe, when they 
change from green to 
brown. The stalks 
of the plant have 
then become yellow. 
Although the plant 
is harvested by 
hand -pulling when 
required for fibre, 
in countries like 
America, where it is 
grown extensively 
for the seed, it is har- 
vested bymachinery. 




DRYING THE FLAX FROM WHICH WE MAKE LINEN 



I 


Fu*. which w» ^ p^t to om'tX^ r^cK^ifth'SiJS 

in Ea*t Anglia. The Bbre is obt^ from «» «« ««« ar^aw^a j. ^ 

•nr «. «». «««.»«. 
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THE CURIOUS CAMEL OF SOUTH AMERICA 



The llama - not to be misspelt lama, which means a Tibetan Buddhist priest — is the camel of South America. It is smaller and lighter 
in build than its relations the Old World camels, and has no hump. The llama can live only in cold or temperate regions, and while in 
Patagonia it thrives on the plains, farther north it lives high up in the Andes. Near the equator it is found three miles above sea level. 
There are two wild breeds of llama, the larger known as the guanaco and the smaller as the vicuna. The domesticated llama, bred as a 
beast of burden like the horse and ass, is a guanaco. The llama has a nasty habit, when annoyed, of spitting at people 
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Romance oF British History 



THE LAST BATTLE FOUGHT IN ENGLAND 

Here 18 the dramatic story of the last rebellion in England and the last real pitched battle ever fought on 
English soil. It ended in disaster for the rebels and the Judge who tried the prisoners has come down in 
history as the cruellest and must dishonest judge who ever sat on the English bench 


T he Stuart Kings had always been 
a trouble to England, and the 
country never did anything 
better than when it sent tlie last of 
them packing to the Continent. 

When James the Second mounted 
the throne he was mistrusted by many 
of his subjects. His religion was not 
that of the national Church, and it was 
believed by many that he intended to 
restore the old faith of the days before 
the Reformation. 

But the great mass of the nation 
was willing to give him a chance. 
1'he d(K'trine of the Divine Right of 
Kings was still held firmly by many 
pcfiplc, ajid when, soon after James 
assumed the crown, there was a plot to 
phiec his nephew the Duke of Mon- 
mouth on the throne it was only in a 
few districts that there was any 
sympathy with the 
project, although 
Monmouth himself 
had always been 
very popular. 

was the son 
of Charles the 
Second, and some 
attempts were 
made to provt* that 
Charles had mar* 
ried his mother, 
but this was not 
true, and therefore 
he had no right 
whatever to the 
throne of England. 

Monmouth was 
quite willing to 
lead the conspira- 
tors. and on the 
morning f jf June 
iith, 1685, he 
landed from Hol- 
land at the little 
port of I.ymc Regis 
in Dorset, with a 
few followers and a 
quantity of arms. 

There were three 
ship.s, and as soon 
as Monmouth went 
ashore he commanded silence, 
kneeled down on the beach, thanked 
God for having preserved the friends 
of liberty and pure religion from the 
perils of the sea, and implored divine 
blessing on what was yet to be done 
by land. He then drew his sword 
and led his men over the cliffs into the 
town. 

It seemed auite a good beginning, 
and the people of the district soon 
flocked to tne blue standard which 


Momnoulh set up in the market place 
of I..yme. Within twenty-four hours he 
was at the head of a force of 1,500 men, 
but, of course, these were not trained 
soldiers. 'J'hey consisted of pk>ughmen 
and tradesmen, and their officers were 
mostly s<iuires and lawyers. 

Monmouth decided to lose no lime 
in striking a blow, and hearing that 
a force of militia had been gathered 
at Bridport to op))oso him, he resolved 
to march to that town. But just as he 
was preparing to do so an unfortunate 
quarrel occur rt‘d in which one of his 
supporters from overseas shot a recruit 
dead, becau.se the man ha<l resented 
the seizure of his hor.se. 

The people were very angry at this 
murder, and the assailant, who was 
an able officer, fwid to return to his 
ship, so that Monmouth lost his services. 


Tlie next day the Duke sent a force 
of 500 men to attack Bridport, and 
there was an indecisive fight. This 
was not surj'irising, for both forces 
coiLsi.sted of yokels not specially 
trained for warfare, and neither side 
knew how to snatch victory from the 
other. 

Monmouth’s force withdrew once 
more to Lyme Rtjgis, where recruits 
were coming in by hundreds. Arming 
and drilling went bn constantly, but 
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what wiis (liscjuieling was that none 
of the gentry of the districl would serve 
under the blue .standard. 

Word had l)et‘n sent to I^uidon of the 
landing of the Duke, and the gathering 
of his forces, and meanwhihi the Duke 
of Alb(‘marle, who was Tjeutenant 
of Devtmshiro, began to inarch towards 
Lyme with 4,000 militia. 

At Axmmsier lie iound the insurgents 
drawn up with four cannon to oppose 
him, and fearing that the popularity 
of the Duke of Monmouth, if he should 
show himself, w'oiild cause the royal 
troops to desert, he decided not to 
fight, and at once began to retreat. 
Monmouth’s men followed anil Uu; 
retrt‘at soon became a lout, for 
Albemarle’s iiK'ri who. if they ha<l 
been resolute, could easily have crushed 
the rebellion, threw’ their arms and 
uniforms away and 
fled as fast as they 
could, without 
striking a single 
blow. Hiul Mon- 
mouth been smart 
he could have gone 
forw’ard and taken 
ICxeter, but he 
thought it was 
better to give liis 
men further train- 
ing, and so marehed 
tow’ards Taunton, 
w’het(‘ he arrive -d 
on June iHth, pist 
a week alter laml- 
ing. 

In London the 
King and Parlia- 
ment were not idle. 
The House ot O/m- 
m o n s m e t a n d 
brought in a Bill 
making Monmouth 
guilty of high trea- 
son. It als<*) voteil 
money to the King 
for the suppression 
of the rebellion 
and troops were at 
once dispatched to 
deal with the insurgents. 

At Taunton Monmouth was well 
received. The people welcomed him 
with transports of joy, the houses were 
decorated, and no min dared show 
himself in the streets without wearing 
a green bough in his hat, the badge 
of the Duke’s cause. Girls of the 
best families in the town wove colours 
for the insurgents, and one flag was 
embroidered with emblems oi Royal 
dignity, and was handed to Monmouth 



The Duke of Monmouth at the Battle of Sedgemoor. From the painting by Wyck 
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himself. The lady who headed the 
|no(essit)n with the fla^ prest^nted 
the Duke vvjth a litble, and this he 
took witli «'t show of i^reat revercme, 
tlei liiring : “ 1 (onn* to defend the 

trutlis eontciined in this Book and to 
s(‘al them, if it must he so, with my 
hl(K)d." How h(‘ carried out this 
])led;4e we sha.ll see Uitei. 

A-lt hough the common people flocked 
to his st<indard, there was still no 
sign that the upper classes had any 
sympathy with him, and this disturbed 
the Duke a great deal. His force 
consisted of day labourers, small 
farmers, shopkee|X‘r.s and apprentices, 
but not a single pet.T. baronet or 
knight, or even a Member 
of the House of Commons, 
liad joint'd him. 

So far Monmouth had 
not declared himself King. 

It must be remembered that 
even if Januis wiTe to 
vacate the t hrone the next 
heir was his daughter Mary, 
who was marrit*d to 
William Prince of Orange, 
and as she an<l her husband 
were Protestants then* 
could be no question of dis^ 
ability on the ground of 
n'ligion. 

** King Monmouth ** 

But now, liadly advised 
by one of his chief sup- 
porters, Kobert Ferguson, 

Monmouth allowed himself 
to be procLiimed King in 
tlie market place at Taun- 
ton As his 11 a in was 
James, and there might be 
some confusion if he were 
proclaimed under thi* same 
title as the rightful monarc li, 
he was called by the strange 
name of King Monmouth. 

The Pretender at once 
began to issue Royal pro- 
c la m at 1 ons, and very 
foolishly set a price on the 
head of his rival, James the 
Second. He also declared 
the Parliament that was 
sitting at Westminster to be 
an unlawful assembly, and 
ordered the Members to 
disperse. A third prcKla- 
ination forbade the people Monmouth 
to pay taxes to James. 

All this wJXvS very foolish, v 
seeing that only a wc(jk before Mon- 
mouth had solemnly bound himself not 
lo take the crown till a free Parlia- 
ment should have acknowledged his 
rights. 

On the next day the l^etender 
marched from Taunton to Bridgwater, 
but his spirits were not high, and his 
gloom depressed his followers. At 
firidg water lie was received by the 
Mayor and proclaimed as King m the 
market place. The town was very 
enthusiastic, and his trcxips were given 
excellent quarters iuid furnished witli 
all they needed at little cost 


But Monmouth had good cause for 
di.squiet, for the Royal forces were 
now gathering all round, and John 
Churchill, afterwards the victorious 
Duke of Marlborough, was marching 
west with a force of regular soldiers, 
while other regular troops were also 
on the way. 

Monmouth now advanced from 
Bridgwater and marched to Wells, and 
then to She])toii Mallet, but he seems 
to have had little clefinite plans, and 
all the way he was harassed by 
Churchill and his regular trfK>ps. 

'riioii he decided to march to Bristol, 
where he had many supporters But 
hfi delayed the attack too long, and 



mounted the steeple of the parish church and 
telescope looked at the enemy 

soon part of the King’s forces came up 
and scattered some of the rebel horse. 

Monmouth seems now to have been 
in great doubt as to what he should do. 
He went to Bath and summoned that 
city to surrender. But as it was strongly 
garrisoned for the King and Royal 
troop.s were also approaching from 
several directions, he decided to do 
nothing. Soon afterwards the advance 
guard of the Royal troops attacked 
Monmouth, but as they were met with 
a sharp fire they retired, and for a 
time neither side seemed anxious to 
come to action. 
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Rain now began to fall in torrents, 
and the roads bocamo rjuagmires, 
making movement difficult Promised 
forces from other counties did not 
arrive to join the rebel army, and 
Monmouth began to realise that his 
army of ill-armed yokels, enthusiastic 
though they might be, would be able 
to make no stand against regular 
troops. 

He now began to blame his advisers, 
who had induced him to leave his 
happy retreat on the Continent, and 
proposed to abandon his faithful 
followers and steal away with his chief 
officers to some seaport, where he could 
escape to the Continent once more. 

He seriously discussed 
this scheme with his lead- 
ing advisers, hut while 
some listened favourably, 
t h e I e were? others who 
denounced the dastardly 
cowiu-dice of it, and thi' 
.scheme of flight was aban- 
doned for the time being. 

But wliat could the Duke 
do? Witli well-armed 
troops closing in u])on him, 
he found hi s o w n men, 
armed largely with flails, 
bludgeons and pitchforks. 

Leading a Forlorn Hope 

Whih* Momnoutli was 
wavering between various 
projects the King’s forces, 
consisting of 2,500 regular 
troops and 1,500 militia, 
came near ()n Sunday 
morning, July 5th. they 
pitched their tents on tlie 
plain of SedgemooT, about 
three miles from Bridg- 
water. M on ni o 11 1 h, wlio 
had returned lo this town, 
mounted the steeple of the 
parish church, said to lx* 
the loftiest in Somers(q, and 
.commanding a wide view 
over the surrounding 
countr>^ and throng h a 
telescope kxikcd at the 
enemy. 

He wa.s very gloomy as he 
looked out on the scene, 
and well he had cause to be. 
He could distinguivsh among 
the Koyal forces a gallant 
through a band of hard fighters known 
as Dumbarton’s Regiment, 
whom he knew well. 

“ Ah,” he said, ” 1 know those men. 
They will fight. If I had but them all 
would go well/’ 

Spies who had been sent out reported 
that the men of the Royal forces were 
drinking heavily, and Monmouth there- 
fore decided to make a night attack at 
once. 

When darkness fell, although there 
was a full moon, the fog lay thick on 
Sedgemoor, and nothing could be dis- 
cerned at a distimcc of fifty paces. As 
the clock struck eleven," the Duke 
with his bodyguard rode out of Bridg- 
water Castle and led his army by a 
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roundabout path nearly six miles long 
towards the Royal camp on Sedgemoor. 

He himself commanded tlie foot 
soldiers, while he entrustt^d the horst*,- 
men to Lord Grey. Orders were given 
that there should be the strictest 
silence during the march. Not a drum 
was to be beaten and not a shot fired. 

By one o’clock in the morning of 
Monday, July 6th, the rebels had 
reached the open moor, and between 
them iirid the Royal army l*iy three 
broad streams filled with water and 
soft mud. Two of these Monmouth 
knew he had to cross, but 


later to be the great victor of Blenheim 
and Rarnillies ? 

The Royal troops fired a volley of 
musketry, which sent the rebel horse- 
men flying in all directions. Not only 
had Monmouth's cavalry never fought 
on horseback before, but their horses, 
mostly from the plough, had never 
even been trained to olx^y the rein, let 
alone to stand fire. 

The b ittlc was already w'on, for the 
Duke’s horsemen were dispersed all 
over the moor. The infantry, however, 
came up, but they too were stopped by 


find the Blues had come upon the scene 
and .scattered what remained of Mon- 
mouUi’s cavalry — if such a name can 
be given to the untrained yokels 
mounted on farm horst^s. The unfor 
tiinate fugitiv'cs as they ran sprefid 
panic among the ammunition drivers 
in the rear, and the wagoners drove* 
ofE their carts and never stoppcil till 
they were miles from the battlefield. 

Bp to this point Monmouth had 
behaved wxdl. Pike in hand he liad led 
his infantry on foot, but he was too 
good a soldier not to know that his 
cause w'as lost. Both his 


it seems strange that the 
third, immediately i n 
front of the Royal camp, 
had not been mentioned 
by any of his scouts, and 
that its existence was 
unknown. 

The first brook was 
passed easily by a cau.se- 
way, but there was some 
delay in getting over the 
second owing to the guide 
missing his way in the 
fog. In the c'onfu.sion a 
pistol went off, and somj 
men of the Uoyal Horse 
Guards, who were on the 
watch, heard the report 
and very soon found that 
a largo body of nuni wfis 
advancing through tht! 
mist. They fired their 
carbines and galloped oft 
111 dififerent dinictions to 
give the iilann 

At the Third Brook 

The Royal drums beat 
to arms and the mi'ii got 
ready for tlic attack. 
Monmouth, who had 
drawn his army up for 
action, ordered Lord Grey 
to lead the way with the 
cavalry, and himself 
followed with the 
infantry. Suddenly the 
rebels found tlieir pro- 
gress unexpectedly 
stopped by the third 
brook, on the opposite 
side of whicfi the King's 
Footgufirds were forming 
in order of battle. 

“ For whom arc you ? ” 
called out an officer of 



At lengthy soon after sunrise, a gaunt figure was seen hiding in a ditch. It 
was Monmouth 


cavalry and the ammu- 
nition w^agons luul gone, 
while the King's forces 
now united, were in good 
order, aiul flushed with 
the initial success. 

T h Life (Guards 
attaekeil the insurgents 
on the right, and the 
Blues on the lelt, but 
although the Somerset 
yokels, now' wit h o u t 
ammunition, fought like 
Trojans with their s<‘ythes 
and the butt ends of 
their muskets, they could 
do nothing against the 
well-trained cavalry anil 
th(? artillery of the King. 

Aminuiution ! For 
God’s s a k e, a m muni 
tion ! ” was the cry heard 
from the rebels, hut .soon 
their ranks broki* under 
the fire from the guns, 
and then the King's 
cavalry c h a r g e d on i e 
more and carried every- 
thing before them. In a 
few minutes all was over 

The End of the Battle 

More than i,ooo of tlie 
rebels lay dead on the 
moor, while only 300 of 
the soldiers had been 
killed or wounded. Tims 
ended the last battle ever 
fought on English soil. 
It was memorable for 
still another reason. It 
was the last time a prelate 
of the Church contributed 
to a victory in an English 
battle. 

The Bishop of Win- 


the Guards. 

For the King," replied a voice 
from the rebel cavalry. 

" For which king ? ' 

" For King Monmouth/’ came the 
shout, mingled with an old war cry 
of the Parliamentary army, “ God 
with us ! " 

This was the signal for the begirmiug 
of the last pitched battle ever fought 
on English soil. 

There could be littie doubt as to the 
result. What possible chance had a 
mob of yokels, largely armed with 
farm implements, against a well- 
equipped force of regular soldiers, 
under a leader like John Churchill, 


the waterway, which divided them 
from the Royal camp. The only pos- 
sible chance the Pretender hail ever 
had of victory, that of winning by a 
surprise, had been lost when the pistol 
went off prematurely. 

What could the unfortunate insur- 
gents do ? They came to a halt on the 
edge of the brook, and the Royal 
infantry opposite fired into their ranks 
for three-quarters of an hour. We are 
told that the Somerset pciisants be- 
haved as though they had been veteran 
soldiers, but in returning the Royal 
fire they invariably levelled their pieces 
too high, and so did little damage. 

Meanwhile King James’s Life Guards 


Chester, w'ho had been very energetic 
for King James, when he found there 
was some difficulty in dragging the guns 
to the place wlicrrc the battle wa.s raging, 
offered his coach horses and traces for 
the purpose, and this interference of the 
prelate had a good deal to do with the 
speedy victory of the King's forces. 

The tragedy of Seilgemoor, however, 
was not the battle it.self, it was what 
took pliice afterwards. James was 
merciless in punishing the rebels, 
hunilreds of whom were rounded up 
and held for trial. The King .sent 
down the wicked and notorious Judge 
Jeffreys, one of the biggest scoundrels 
m the annals of British history, and a 
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worthy tool of his erne) master There 
was rio attempt to give any of tlie 

E risoners a fair trial juries were 
ullicd into fuiding vei diets of Guilty, 
jirnl hundreds of victims were hanged 
in phices where they could he seen by 
their neiglibours. 

In all English history there is nothing 
quite so bad as the behaviour of Judge 
Jeffreys in the West Country He even 
sentenced to be burnt the aged and 
chant able T-udy Alice Lisle. Her only 
crime was that of harbouring two of the 
rebels, and although all the evidence 
pointed to the truth t>f her statement 
that she did not know the refugees 
were rebels at all, Chief 

Justice Jeffreys so 

stormed and bullied that 
the jury were forced to 
find a verdict of Guilty 
When the jurymen 
remained long in consul- 
taiion the Judge sent a 
messagci to tell them that 
if they did not instantly 
return with their verdict 
he would lock them up 
all night. They came 
into the court declaring 
that they doubted 
whether the charge had 
been made out, but Judge 
Jeffreys then threatened 
them so vehemently and 
frightened them so badly 
that they at last gave a 
reluctant verdict of 
Guilty. 

A Cruel Sentence 

Next morning the 

i inlge condemned Alice 
isle to be burnt alive 
that very afternoon. The 
clergy of Winchester 
Cathedral, though loyal 
friends of the King, 
remonstrated, and at last 
the Judge agreed to put 
off the execution for nve 
days. During that time 
the condemned woman's 1 
friends lagged the King 
to show mercy, and ladies 
of high rank interceded 
for her. Even the King’s notorioui 

brother-in-law pleaded rebellio 

her cause, but all was in 
vain. James did not know the meaning 
of the word mercy, and the most that 
could be done was to get the sentence 
commuted from burning to beheading. 
The gentle and charitable old lady was 
X>ut to death on a scaffold in the market 
place at Winchester, showing the 
greatest courage 'as she died. 

It is worth mentioning that another 
woman who had harboured a rel>el in 
London was actually burnt to death at 
Tyburn, 

In addition to the hundreds put to 
death by hanging, nearly a thousand 
were sent as slaves to the plantations in 
the West Indies. 

Jeffrcjrs, as a reward for his villainy, 
was on his return to London made I.^rd 


Chancellor by the King. But when 
James fell a year or two later, and 
Jeffreys tried to flee the country, he 
was caught at Wapping disguised as a 
sailor and sent to the 1 ower of London 
to save him from being torn to pieces 
by the mob. There he died miserably 
a few months later, and left l>ehind 
perhaps the blackest name in all 
English history. 

What happened to Monmouth ? Like 
all the Stuarts he proved unfaithful to 
his friends and followers. When he saw 
the battle of Sedgemtwr was lost he 
coolly .slipped away with a few friends, 
determined to make his way to France. 



The notorious Judge Jeffreys who behaved so cruelly after the Monmouth 
rebellion. From the painting in the National Portrait Gallery 

he meaning Within a few hours he was twenty who had b< 
most that miles from Sedgemoor, his luckless James n 
le sentence followers being left to their fate. had come 

beheading. After wandering for some time the nieanly off< 
a lady was horses failed, and the fugitives, dis- c 

the market guised as rustic^*, proceeded on foot would hear 
wing the towards the New Forest. Th^ passed fwo later M 
night in the open air. The next on Tower I- 
lat another morning Lord Grey was captured, ing his life 
^ Then a yokel with whom Monmouth have rcsi 

to death at exchanged clothes was discovered, certainly, ii 
and the search for the Pretender was man bravel 
eds put to redoubled. A sum of £5^000 was set We cam 
i thousand upon the Duke's head, and the prospect executing h 

ntations in of the reward stirred the seal of the of James tl 

^archers. Every man who did his duty for ever 1 

lis villainy, in the search, it was agreed, should have among the 

made I.-ord a share of the promised £5,000* West Coun^ 


At length, .soon after sunrise on the 
following morning, a gaunt flgure was 
seen hiding in a ditch. The pursuers 
seized their prey, who was trembling 
greatly and seemed unable to speak. 
His pockets were searched, and in them 
were found some peas which he had 
gathered in his hunger, a watch and a 
purse of gold, together with a jewel 
which had been given to him years 
before by his father Charles the Second. 
Clearly this was Monmouth, but who 
that had seen him in the days of his 
glory could believe that this dishevelled, 
trembling, starving fugitive was he ? 
He looked anything but a prince. 

His true character was 
soon revealed. He wrote 
to the King a letter full 
of craven fear, which wa.s 
shameless in the way that 
it blamed other.s for 
inducing him to make 
himself King. He Ixjgged 
piteously that James 
would grant him an inter- 
view, and pretended he 
had a secret of great 
importance which he 
could impart to no one 
but the King. 

Abject Pleading 

James did see him. The 
prisoner was taken into 
the King’s presence with 
his arms bound behind 
him with a silken cord. 
Immediately he threw 
himself on the ground 
ami crawled to the* King's 
feet. He wept and tried 
to embrace his uncle's 
knees with his f>inioned 
arm.s. He begged for his 
life at any price. He 
owned that he had been 
guilty of a great crime, 
but he tried to throw all 
the blame on his friends. 

He pleaded the ties of 
kinship, he appealed to 
James’s love for his late 
brother, and repeiitedly 
implored the King to show 
mercy to him. But there 
6 Monmouth ^ras ne vei a plea for mercy 

»allery behalf of the faithful 

but deluded followers 
who had been led to sup|x>rt him. 

James replied that the repentance 
had come too late. Then Monmouth 
meanly offered to change his religion 
if his life could be spared, but James 
would hear of nothing. And a day or 
two later Monmouth's head was cut off 
on Tower Hill. Once all hope of sav- 
ing his life was gone, however, he seems 
to have resigned himself to his fate and 
certainly, in the end, faced the heads- 
man bravely. 

We cannot blame the 'King for 
executing his nephew. But the name 
of James the Second will be execrated 
for ever for his vindictive cruelty 
among the deluded insurgents of the 
West Country. 



THE GREAT WHEELS OF A LOCOMOTIVE 

Th®**® many types and sizes of locomotives, and railway authorities have agreed upon a simple and 

classifying these. The locomotives are named after the arrangement of their wheels, 
and in these pages we read about the wheels and how they are placed, and can tell at a glance from the picture- 
diagram on the next page how any particular locomotive is classed 

A mong the most powerful wheels in of the locomotivcis increased it became driviiif* wheels with a maximum 
the w()rld are undoubtedly those necessary to couple the large wheels diameter (d eight feet, 
of a giant locomotive." They are together, so as to get sufficient adhesive Nowadays the coupled wlieels of 
of great size, are made of steel, and are weight to make the wheels grip the express pa.ssengcr locomotives which 
extraordinarily strong, as they need rails effectively. make the vehicle go are from six t(^ 

to be, if they are to support the weight Among the early railway engineers seven feet in diameter, though some 
of the big li^Komotive and also set and who believed that driving wheels of have wheels over seven feet, 
keep the train in motion. great diameter were neces.sary if high Some years ago a tank engine known 

While the wheels of a modern loco- speeds were to be attained, was as a Decapod, a word meaning “ ten 
motive are of great size, they arc not Isambard Brunei, the engineer of the feet.” was built for the Great Kastern 
now made so large as they were some old Great Western Railway. Heexperi- Railway Company, now part of the 
years ago. At one time it was thought mented with locomotives which had Kastern Region of British Railw^ays. 
that the larger the wheel the greater driving wheels ten feet in diameter, It had ten coupled wheels all of the 
the speed that could be attained. but they did not achieve what had same size, and the centre pair had no 

In the early locomotives the piston- Ixjen hoped, for other engines with flanges .so as to facilitate the rounding 
rtxls were connected with one pair of eight-foot drivers beat them in si>eed. of curves, 

tlriving wheels only, but a.s the weight In the end even Brunei adopted Although at the time it was the 



The large coupled wheels of a British Railways Western Region locomotive which draws express passenger trains 
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MARVELS OF MACHINERY 


most powerful locomotive on the 
British railways, it w'oighod only 
eighty Ions 'J'Ih; weight, however, 
proved too great lor the permanent 
way. especially at some of tlio weaker 
bridges, and so it was converted into 
an eight-couplcd engine, with a smaller 
boiler, and was thenceforward used for 
goods traffic. Its weight was reduced 
from eighty tons to fifty-five tons The 
coupled wheels of this original Decapod 
engine were not giants, for they 
measured only 4^ feet across 

As the length of locomotives became 
greater some means had to be found of 
enabling them to go round sharp curves 
safely, as fixed wheels all along the 
locomotive could not adjust themselves 
to the curves and were liable to cause 


it to jump the rails. To overcome the^ 
difficulty a bogie^truck is used, that is, 
a framework with smaller wheels. This 
bogie is not fixed rigidly to the main 
frame of the kxomotive, like the 
ton pled wheels, but is connected to it 
by means of a pin round which the 
bogie-truck can swivel. Thus it can 
turn, the wheels adapting themselves 
to the curve. 

Locomotives are classified according 
to the arrangement of their wheels. An 
imgine described as 4 — 4 — 2 lias four 
small carrying wheels in front, that is, 
two on each side, four large coupled 
wheels, that i.s, two on each sitle, and 
two small carrying wheels, one on each 
side. An engine described a.s 2 — 4 — 4 
has two carrying wheels, four large 


coupled wheels, iind four small carrying 
wheels. If there are no bogie.s or 
carrying wheels in front or behind the 
coupled wheels the fact is represented 
by a o, thus : 2 — 6 — o means an engine 
with two carrying wheels and six 
coupled wheels, while o — 6 — 4 means 
a locomotive with six coupled wheels 
in front and four carrying or bogie 
wheel.s behind. 

Some of these types of engines have 
special names, such as 2 — o, Mogul , 

4 — 4 — 2. Atlantic; 4-6 — 2, Pacific; 
4-6 — 4, Baltic; 2 — 10 — o, Decapod; 
2-^8 — o, Consolidation ; 2 — 8—2, 
Mikado; 4 — 10 — o, Mastodon, and 
2—10 — 2, Santa Fc, This wheel arrange- 
ment for classifying locomotives can 
be understood in all languages. 






L_._ 4 - 4-0 _ J 

0-4-4 II 




In this picture-diagram we see the many different kinds of wheel arrangements of the world's locomotives. The large wheels that 
are coupled together can be seen* and if these come in front of the engine, or at the back, with no small wheels outside^ in describing 
the engine o is put to indicate tne place where no small wheels are found, Of course, in these pictures we see only one side of the 
engine, so that if two small wheels are shown, two large ones and two more small ones, there are of course similar wheels on the 
other side, and the engine is described as 4-4-4. Some of the t3rpe5 of engines have been given specific names, thus : a 2-^-0 is 
called a Mogul type, a 4--4-2 is called an Atlantic type, a 4 - 6-2 a Pacific type, a 4-6-4 a Baltic type, and a 2-to-o a Decapod 































HOW THE WATER CIRCULATES IN A LAKE 



to one side and a return current ^rises'tlTt^rth^^ water^Siat^h^ been*d‘ *** Th drives the surface water 
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‘ Diriicttonof wfnd 




Neutral loifer 


S t&^s^St^omeTrmucM^^ ISe^owStMiTit'lhi’ni u *”* 

oroX^ S^ToMe r ‘^irs-v'ern? ISX 

' ®* ™ «**f«‘^ and so there IS a lecond system of circulation near the bottom 

AN AIRCRAFT’S SHADOW A^D THE HALO ON THE CLOUDS 



Pilots of aircraft often ^ a strafe appearance in the shy. Projected on the clouds is a shadow of their machine and round the 
shadow a series of circles, someftmes coloured and sometimes white. This is really the same phenomenon as Ulloa’s Cirele described 
on page 171. These circles are due to the refraction or breaking up of the light and its reflection to those travelling in the aircraft 
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MAKING THE UNDERGROUND CABLES 



With the development of the grid system every district in Great Britain will have a supply of electricity. This electricity, generated in a few large 
power stations, is carried all over the county and into the towns by overhead wires strung on tall steel towers, and by underground cables. Hundreds 
of thousands of miles of wire are used for this purpose, and the making of the wires and cables is a very big industry involving great technical skill. 
On these two pages we see the many complicated and highly mechanical processes in the making of an underground cable at W. t* Henley’s 
telegraph Works u>mpany. Ltd., at Gravesend. Of course, the machinery is here shown greatly siitmlined. Coils of copper rod are drawn through cues 
to reduce the diameter. There are nine of these dies on a machine, but only three are shown, the wire gets smwer as it goes through the dies, 
and at the end it is wound on to a reel. This coil of wire is lifted oft and annealed or softened in an electric furnace. The furnace is water-sealed 
at the bottom ; it funs to and fro on wheels which are under water. Two platforms bearing the coils of wire travel up and down by hydraulic power. 
The one on the left outside the furnace is being loaded, while the one on the right is in the furnace. As soon as the platform outside is loaded^ 
both platforms will be lowered, the furnace will then be moved to the left, and the j^atforms will rise, the one on the left then being in the furnace, 
and the other outside with the annealed coils ready for unloading. The wire of each annealed coil is then wound on to a bobbin which Is put srith 
others on a circular frame on e stranding machine. This frame rotates and as it does so the wires are drawn through an opening and wound toMher 
Into a stranded conductor. This goes twice round a revolving drum and then it Wound on to a wooden drum which when lull is rolled to a 







THAT CONDUCT THE ELECTRICITY 



papeflapping machine, which wraps it with a number of layers of Insulating paper. The paper is in large coils, arranged in pairs. Although there 
are about a dozen pairs on the machine, only two pairs are shown here. The colls of paper known as paper*lapperi are rotated by pulley and belt, 
and as they revolve the paper is wound round the conductor, which is travelling forward all the time, and when it has received the necessary number 


and reaves every part of the cable owing to the perforations in the drum, and to the fact that the cable is in a vacuum. After immersion, the cable 
passes to a lead press, where it is given an outside sheathing of lead. It is fed into the press, where a powerful ram, shown white in the drawing, 
forces the lead, indicated as a dotted mass, round the cable as it passes through. At the back is shown the lead-melting apparatus and the hydraulic 
machinen^. The lead is melted to run into the lead chamber, but solidifies before ^ing forced into a tube round the core by tremendous hydraulic 
pressure, The laad^covered cable as it comes out is cooled in a bath of water, and then passes to an armouring machine similar to the paper-lapping 
machine, but this time the wrapping is steel tape. Sometimes the cables are armoured with steel wires. The whole machine is not shown, but 
only a close-up view of the steel tape being wrapM round the cable. The cable is then wrapped with tarred yam, which is afterwards whitewashed 
to prevent riie layers etioking to one another, ft is then wound on to a drum and rolled away for testing. When it has passed the test It is ready 
lot use^ and we may often tee the men at work in the streets putting these electric cables underground through manholes, and direct into trenches 





This photograph, taken in Siberia by Professor Leonide Kulik of the Russian Academy of Sciences, shows one of the most amazing 
scenes to be witnessed anywhere in the world. We read on page 523 of a huge meteorite which flashed through the air and struck the 
Earth about five hundred miles north of Irkutsk on the night of June 30th, 1908. It completely devastated an area of a hundred square 
miles, and in addition left a crater-like depression as big as Kent and Essex together. The terrific heat due to friction with the 
atmosphere expanded the gases inside the meteor and made it explode into many fragments. Outside the devastated area the compressed 
air due to the rush of the meteorite laid low the forest all round. Thousands of tall trees, as can be seen in the photograph above, were 
hurled over in a moment as though some giant hand had just been swept across them, pushing them all down together. Nothing like 
it, on so gigantic a scale, has ever been seen before. It is a di^uieting thought that if the meteorite had struck the Earth a little later, 
when our globe had turned round on its axis towards the rising sun a little more, this terrible messenger from space might have struck 
London. Had it done so, there would have been no London now. The whole of the world’s greatest city with its inhabitants would have 
been wiped out in a moment. The photograph is given here by the courtesy of the American Weekly, New York, whose copyright it is 
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SOME SECRETS OF THE SUN AND STARS 

While powerful telescopes have revealed to us the appearance of the Sun s disc with its tempests and promi- 
nences or huge flames, it is the spectroscope, as we read here, that has explained the true nature of these things 

W K should know very little indeed its intensely hot core, there are about scope ni the Sun, is that on the Kartli 
about the Sun were it not for forty of the elements that <*xist on the they an* mostly in tlu‘ form of chcMuical 
that most marvellous of all Earth, This shows us that the variotis coTnj)(>UTids, while in the Sun and also 
instruments, the s])ectroscope, of which bodies of the solar system must have in the stars they are, with very few 
we road on pages 450 to 452 of this had a common origin, as they are exceptions, \mcombined and exist as 
book. By its aid men of science have actually madt*. of the same materials gases at enormously higli temperatures, 
discovered that ill the Sun’s atmosphere, The chief difference between the Even iron is found as a gas in the Sun. 
that is the gaseous envelope that elements as they exist on the Earth Most of the elements discovered in 
suiTC)unds it and which is cooler than and as they are found by the spec tro- the Sun’s envelope are metals, but there 



The Sun’s surface photographed in hydrogen light, showing its mottled appearance. Each mottle spot is from 400 to 600 miles 
acrossi and near the darker sun-spots the mottling is drawn out into streaks called faculse, a Latin word meaning little torches.” 
This photograph is given by courtesy of Mount Wilson Observatory^ U.S.A. 
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WONDERS OF THE SKY 


are also hyflrojsjen, helium, oxygen and 
carbon in certain compounds 'I'he 
heavier elements, like gold and quick- 
silver, have not yet been discovered, 
but they are probably tliere. Owing 
to their heavier nature, no doubt 
they lie deep down in the Sun’s 
body 

It is the dark lines appe^aring in 
a solar spectrum, as described on 
page 452, wliich tell us what ok*- 
ineiits exist in that distant lumin- 
ary Hilt the work of identifying 
these lines and comparing them 
with the spectrum given by the 
artilicial light of an element on the 
h'arth, is very long and tedious. 

A Dlfllcult Task 

Already no fewiT than 14,000 
dark lines hav e been mapped out on 
the solar spectrum. At least one- 
third of these lines is found to be 
due to the absorption of the Sun’s 
rays by gases in the Earth’s 
atmosphere Some of the lines in 
the solar spectrum are very faint, 
and the work of identifying them 
is exceedingly difficult. Something 
like 6,000 of the lines have yet to 
be determined with certainty. 

The motion of the Sun causes a 
shifting of the lines in the spectrum, 
and from that fact we can work out 
the time the Sun takes to turn on 
its axis, thereby checking the cab 
dilation of the rotation from watch- 
ing the passage of sun-spots across 
its disc 

II is because ol this shifting of 
the dark lines on the spectrum that 
we are able to pick out the lines 
which are due to the Earth’s 
atmosphere and thus identify 
those wliich originate only in the 
Sun By watching the dark lines of 
the spectrum, too, we are often able 
to detect storms on the Sun’s 
surface, for when there is a great 
upheaval or outburst of activity, 
the dark lines become distorted. 

Helium Discovered 

It is by means of the spectroscope 
that we know so much about the 
Sun’s prominences, those vast 
flames which can be seen only 
during a total eclipse. Their spec- 
trum shows them to be composed 
of hydrogen gas, and a mysterious 
yellow line which appeared in the 
spectrum was at first thought to be 
due to sodium. Then it was realised 
that this must indicate another 
element which was not known, and 
the element was called helium. 

That was in t868, and in 1895 Sir 
William Ramsay discovered helium 
on the Earth. 

The Sun’s surface is photo- 
graphed in various lights, such as 
that of hydrogen gas, calcium, and 
so on, and each kind of photograph 
reveals some new features of tbe 
surface. The photograph on page 
843 was taken in hydrogen light, 
and it shows clearly the mottled 
appearance of the Sun’s disc, which 


is described by different astronomers 
variously as the “ rice grains,” 
” nodules ” and ” snowflakes.” Each 
mottle spot is from 400 to 600 miles 



A remarkable series of photographs given by courtesy 
of the Royal Astronomical Society, showing the 
passage on to the Sun's disc of a solar prominence^ 
a vast flame shot up for tens ol thousands of miles. 
The photographs were taken on four successive 
days in August, xpap 
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across, and near the darker sun-spots 
they are drawn out into streaks often 
thousands of miles long These are 
sometimes called ” filaments/' some- 
times ” willow leaves.” and some- 
times ” faculae,” a Latin word 
meaning ” little torches.” 

The faculsD are believed to be 
clouds floating in a less luminoiKS 
atmosphere, just as clouds on tlie 
Earth float in our air. They are 
intensely Viright, for the same reason 
that a gas mantle is brighter than 
the gas flame that heats it. If all 
the Sun’s surface were as bright as 
these faculae its brilliance would be 
increased tenfold. 

Some Astonishing Facts 

To read an account of the Sun 
which embodies all the most recent 
discoveries of the astronomers by 
means of the spectroscope, may 
well cause astonishment, for it is 
almost as minute and detailed as 
if the astronomers had actually 
been able to go to the Sun and ex- 
amine its surface at close quarters. 

They not only tell us the sub- 
stances found there, but how they 
are behaving, how far the flames 
shoot up from the surface, how the 
glowing hydrogen is sut ked down 
into the lower tlcpths, and how the 
sun-spots show magnetic effects as 
the result of the whirling electrons. 

They also tell us as a result of 
their spectroscopic studies, that 
there must be free electrons in the 
Sun which have become detached 
from atoms, together with scores of 
other facts wliich arc chiefly of 
interest to scientists. 

What is true of the Sun is equa lly 
true of the stars. No longer can 
these points of light which flash to 
us from a distance of millions of 
millions of miles shroud their nature 
in mystery. The sptjctroscope 
reveals them, just as it reveals our 
own Sun. 

A Marvellous Instrument 

By means of the spectroscope the 
stars are divided up into various 
classes, and the spectra obtained 
give us a great deal of information 
about their temperatures and their 
motions. We can tell, for instance, 
by watching the lines of a star's 
spertrum, whether the star is 
approaching or receding from the 
Earth. The principle on which 
this depends is illustrated by the 
case of a locomotive passing us at 
full speed and whistling as it passes. 
The pitch of the note is higher as 
the engine is approaching than after 
it has passed. The pitch depends 
on the number of sound-beats per 
second that reach us and in a 
similar way the beats of the light- 
waves are closer together when 
their source is moving towards us 
than when it is at rest or moving 
away. There is nO knowing what 
wonders may yet be revealed by 
this marvellous instrument. 





oF Animal ^Plant Life ™ 


PLANTS THAT GIVE OFF TONS OF WATER 

The vital need of water to all life is as clearly shown in the history of a plant as in that of an animal. Without 
water no creature can live, although in many cases it is possible to go on for a long time without food. 

Water must constantly pass through every part of the body of an animal and plant if it is to live and thrive. 

Here we read something about the wonder of water so far as it concerns plant life 


L ikk human l^eings and all 
animals, plants need a 
constant supply of water 
if they arc to live and thrive. 
This water they absorb through 
their roots, which they will 
often send down to a surprising 
distance in the search for water. 

Idants are made up largely of 
water. In some of them which 
live in ponds and streams, as 
much as 99 x)er cent, of their 
weight may consist of water. 
Plants which live on land, and 
even those in dry, arid di.stricts 
like the deserts of America, have 
more than half their substance 
made up of water. The grass of 
our meadows and lawns consists 
of four-tifths water and one-fiftb 
dry matter. 

But apart from the water of 
which the plants’ substance is 
composed, there is a constant 
stream of water rising from the 
roots up the stem and passing 
off into the air through oj)enings 
in the leaves. Theses leafy o])en- 
ings are known as stomata, and 
one leaf of an oak tree may have 
as many as two million openings 
in it. As the water passes 
through the plant it not only 
k(M’ps the whole structure fresh 
but it supplies water to the cells. 

Water from Earth to Air 

The amount of water which a 
plant thus takes up through the 
roots and passes on into the air 
is astonishing. G r a s s e s have 
been known in fine, dry weather, 
to take in their weight of water 
once in every twenty-four hours. 
When the water reaches the 
leaves it is passed off into the 
air, and experiments have shown 
that a birch tree with 200,000 
leaves standing in open ground, 
gave off on every hot summer 
day 700 to 900 pounds of w'atcr. 
At other times, when the weather 
was dull and the air full of 
moisture, the tree transpired 
probably not more than 20 
pounds of water. A single oak 
tree with 700,000 leaves is esti- 
mated to have given off into the 
atmosphere in five months, 
230,000 pounds of water, or 
over a hundred tons. 

An oak tree may live for a 
thousand years, ana during that 
time it is calculated that it will 



The upper picture shows a section through the end of a 
root greaffy enlarged. It is through the root that the plant 
takes up water, and this passes to the leaves through little 
tubes, as shown. The lower picture shows a ma^thed 
section through a leaf. Water passes through tubes in the 
buinUe of dticts, and chlorophyll a green colouring matter, 
in the cells, makes food for the plant out of the water 
and carbon*dioxide gas, which the plant takes in 
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have given off something like a 
quarter of a million tons of 
water. How much water must 
have been given off by the giant 
rcdwoo<l trees of AnuVica, some 
of which are 3,000 years old, it 
passes the imagination to con- 
ceive. 

Another calculation by scien- 
tists shows that in four inonth.s 
an acre of cabbages will give out 
through their leaves 3.J million 
pints of water, and an acre of 
imps from 5 to 7 million pints. A 
sunflower plant that w'as tested 
was found to pass off into the 
air m T40 days no less than 145 
pounds of water. 

When one realises the number 
of plants in the world and the 
myriads that have been growing 
through the ages, it is safe to 
say that oceans of water have 
been taken up by the roots and 
breathed out by the leaves. 

The absorption of whaler by 
the root usually takes place 
through the root hairs. These 
have very thin walls, but even 
under the most powerful micro- 
scope show no holes or pores, 
yet the w'ater penetrates very 
rajiidly to the inside of the root 
hairs. The number of these 
liairs f)n some plants is enor- 
mous. In the common jiea every 
hundredth of a square inch of 
root surface has nearly 1,500 
hairs. 


In Search of Moisture 

If the root cannot find water 
it goes out in search of it. and 
will sometimes grow to many 
times the size of the plant 
appearing above ground. 1'he 
ni c 8 <1 u i t e of M e x i c o, w hen 
appearing as a shrub two or 
three feet high, in dry soil, will 
often have a root that extends 
clown to a depth of 60 feet or 
more. In fact, the Mexican 
farmers, w^hen digging wells, 
usually follow these roots as 
guides, for they almo.st invari- 
ably lead to water. 

It is from the wrater taken up 
by the roots and from the 
carlion-diox ide gas taken in 
through the little mouths or 
stomata in the upwr skin of the 
leaves that the plant is able to 
make the starch and other food 
substances for its growth. 











WONDERS OF ANIMAL AND PLANT LIFE 


'I'ht' U af of a plant is really a factory 
lor the production of food, and it is l»y 
means of the ^reen colouring: matter 
in the leaf known as chlorophyll that 
the watci and carhon-dioxkk* an! 
chanfj[ed into food. 

Wat<*r, as we know, consists of a 
coiiihination of oxy^^en and hydrogen, 
and carbon-dioxide is a combination of 
carbon and ovy|[»on. The chanjues that 
are brought about by the chlorophyll 
under the action of the Sun rearranges 
the atoms of carbon and hydrogen and 
oxygen, so as to form the new substance} 


starch which contains all three chemical 
elements. 

The chlorophyll of plants needs sun- 
shine for its development, for if a plant 
IS grown in a dark place it has no green 
colour, but becomes pale and almost 
whit<i. We see this in the case ot celery 
when it is earthed up so that the sun- 
light cannot get to the stems. 

Exactly what the chemical compo- 
sition of chlorophyll is. no one can say 
definitely,. It decomposes so rapidly 
when it is extracted from the plants 
that it cannot lie properly analysed. 


When it decomposes it changes into two 
independent coloured substances, one 
a golden -yellow, and the other a blue- 
grccn. But chlorophyll itseli is a single 
pigment ; these tw^o substances are the 
product of dcjcomposition, 

.Some attempt to .show the wonderful 
operations that go on insule the sub- 
stance of a leaf has been made in the 
full-page picture on page 847. It will 
be seen that plants are no more able to 
live without water than are animals. 
In fact, we all live in a stream of water 
which passes in and out of our bodies. 


EXPERIMENTS TO TEST OUR SENSE OF TOUCH 


T hk sense of touch is a curious thing, 
an<l llie touch nerves vary very 
much in number in different 
parts of our bodies. We have already 
seen on pagt' 431 a number of interest- 
ing expi^rirnents which we can carry out 
in connection with touch. Here are 
some more ot those experiments. 



Judging the size of an object by touch 


If wc wi.sh to judge with reasonable 
accuracy of the size of an object by 
means of touch we must move our 
fingers over it. Close your eyes, hold 
out your o{x*n hand and ask a friend to 
place somi} object such as a iiiecc of 
wood or a small bottle in the palm. 
Now try to estimate the size of this 
object. You will be surprisi'd when 
you ojxm your eves to find how you 
have misjudged the matter. Yet with 
your eyes shut, if you put your finge^rs 
over the object you can get a very 
accurate idea of its size. 

Another example of how our sense* of 
touch sometimes deceives us is .shown 
in the .second picture here. Take a 
small sphere, such as a marble, and 



The one marble that feels like two 


crossing the first two fingers place 
them on the sphere, closing your eyc-s. 
You will fancy that you arc touching 
two balls and not one. 

An intere-sting experinumt in which 
the muscular .sense as well as the sense 
of touch is brought into play can be 
cjirried out to estimate the difference 
between two weights. We shall find 
that if we hold in each of our hands a 
light w€‘ight we shall be able to defi.'ct 
even a .slight difffutjnce between the two 
weights. But if wc replace those 
weights with two heavy weights, it will 
not i>e possible to detect, with the same 
diiferimct* between the two, which is 
the heavier. 

For example, if wo hold in one band 
a weight of 10 ounces and m the other 
ounces, we cmi clearly detect the 
differ (‘lice. Hut if wo now use weights 
of 40 and 41 ounces, it will be impossible 
t(.) tell which is the heavier. I'hc 
heavier the w'eights the larger must be 
the difference between them to be 
detected by our two hands. 



Testing slight differences in weight 


The back is far less sensitive to touch 
than, say , our forefinger or lip or tongue. 
Ask a friend to touch your back with 
tw'o fingers wide apart. You will find 
that you get the sensation of being 
touched by only one finger whereas, as 
we have .seen by the experiments with 
the compasses on page 431, it is easy 
on the tongue or lip or forefinger or 
nostf to detect the two points when 
they are very close together. 

Many interesting experiments can be 
carried out in connection with the sen- 
sations of heat and cold. The tempera- 
ture of our skin varies a great deal 
because we are con.stantly gaining or 
losing heat. The gain, of course, 
depends on the amount of warm blood 
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flowing through the skin. The loss of 
heat occurs when our skin is exposed to 
the air, esp(}cially on a cold day. The 
skin temjKTature may vary between 
(>7 degrees h"ahrenh(‘it and 90 degrees. 
This means that on a cold day, when 
our skin is at about 90 degrees, any 
object of a higher temperature would 



An experiment in touching the back 


feel W'arin, while! on a hot .summer day, 
when our skin temperaturt' is 07 
degrees, anything cooler than that 
Vv'ould feel cold, 

Hen; is an interesting experiment 
which we can carry out. Have three 
basins of water, one quite liot, one quite 
cold and one lukewarm. Place one 
hand in tlie hot water and keep it there 
for a few moments, and the other hand 
in the cold water. Then take the hands 
out and plunge both into the lukewarm 
water. The hand that has been in the 
hot water will find the lukewarm water 
cold, while the hand that has lieen in 
the cold water will find the lukcwarir 
water hot. 



Touch testi wHh heat and cold 




THE WORK THAT GOES ON INSIDE A LEAF 



This picture shows in diagram form the inside of a leaf, of course enormously magnified. It is in the leaves that a plant makes tne food 
which will nourish it and help it to grow. In other words, the leaf is really a factory. Inside the leaf under the outer skin are a number 
of cells containing a green substance called chlorophyll. When the Sun^s light shines upon the leaf it penetrates the outer skin, which 
is more or less transparent, and acting upon the chlorophyll, enables it to make starch and other food materials out of the water taken up 
by the roots and the carbon-dioxide gas breathed in through little openings in th^ skin caUed stomata. Stomata is the plural of the 
word ** stoma,” which is the Greek name for a mouth. If these mouths are closed up the plant cannot obtain carbon«dioxide from the 
air, starch cannot be produced, and the plant dies. The water passes all over the leaf through little tubes, and the food when it is made 
is also distributed to the plant through tubes. Oxygen gas is given off by the plant, and passes into the air through the stomata 





THE ROMANCE OF A BEE AND A BLOSSOM 
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Thwe pictures show how « British s^ pUnt, ‘h* p^'ofUrtlsSS^rt^^* 

of the flower in sevch of necUr, wlflch » sweted p, triccer. The bee, pushinc its wey to, mores the lerer, 

flower, containing the potten, are attached toan Hrnnsltrd tSwithers, haring d«ne their work, won w»^. The 

bringing the ripe antoers on toito back, ’»»»«« kC « feSSs wrtiw S^tl^flower it waittog to be fei^. As 
bee with the pollen flies to an^r blo|^, in wtoh and is fertUitsd. The orule, or egg, to the orary 

““ rJtlS out to pwiihw a ««r plant 






THE MOST DANGEROUS OF THE BIG CATS 

Of all the big cats the leopard or panther is the most widely distributed. Its area is becoming more and more 
restricted* but in the old days it was found all over Africa and throughout Asia. Earlier still it was found in 
Europe, as we know from the fossil bones which are dug up from time to time in England and elsewhere. 

Here are many interesting facts about this fierce and dangerous animal 


T he leopard is a very close relation 
of the lion and tiger, from 
which it is distinguished chiefly 
by its spt>tted coat and smaller size. 
There are many kinds of leopards, 
varying greatly in size, arul the 
term leopard is generally used of 
the smaller species, while the larger 
are referred to as *' panthers." But the 
variations in size arc so gradual that 
it is quite impossible to say where 
leopards end and panthers begin. . 

In India the leopard is generally 
called the panther, while the term 
" lcK)pard " IS there restricted to the 
cheetah, or hunting leopard, which 
really belongs to quite a different 
genus of animals. Distinctions in the 
name, however, are popular rather than 
scientific. 

The smallest leopards are about 
five feet long from the snout to the 
end of the tail, while in the larger 
species the lengtli is often eight feet. 
The biggest specimens known have 
come from Eastern Siberia. Generally, 
the tail is about as long as the body. 

In colour, as well as in size, the 
leopards vary greatly. Generally, the 
ground colour of the skin is yellowish 
fawn, but in many specimens this 
becomes a rich nut-brown, or it may be 
so light that it is almost white. The 
.s|X)ts, which vary in size and number, 
arc in the form of rosettes, consisting 
of an irregular black ring, more or 


less incomplete, enclosing a liglit 
central area On the head, flanks and 
lower part of the limbs the spots are 
brown, rather than black, and have 
no light centre. In Indian leopards 
the rosettes are rather larger than 
those of the African beasts. 

Both in Africa and Asia, leopartls 
nearly black, in which the spots 
almost disappear, are found ; they are 
said to be fiercer tlian normal leopards. 
Still rarer are leopards that are 
almost white 

More Dangeroui Than a Tiger 

The leopard is a more agile animal 
than eitlner the lion or the^ tiger 
It is much more sly and stealthy, 
and is, if anything fiercer than its 
relatives. Ikith Europeans and natives 
describe it as a more dangerous animal 
than cither the lion or the tiger, as 
it can be roused to fury by less provo- 
cation and is very vindictive. When 
wounded a leopard will charge, even 
if many rific.s are turned upon it. 

It lurks among the rocky hills 
covered with scrub, under overhanging 
masses of rock, in thickets and among 
tlie tall grass, mid in ravines and 
giilleys. From sneb haunts it watches 
the country, and itheii it sees suitable 
prey descends upod it with remarkable 
speed and stealtnu | 

Its food con^ilRs of the smaller 
wild animals, as antelopes, fleer, 


forest pigs, monkeys and birds ; but 
it loves to lurk in the neighbourhood 
of man’s habitation, so as to prey upon 
the cattle, ponies, shoej>, donkey. s, 
goats and dogs It is particularly 
partial to dogs, and often in broad 
daylight will sw<x)p down and carry 
off a pet dog before the eyes of its 
European master. 

On one occasion Sir Samuel Baker 
was walking m Ceylon with a powerful 
bull terrier, the dog running within a 
few^ yards of him, when suddenly it 
disa])peared as if by magic. It was 
later discovered that it ' had been 
earned oft by a leojiard, but the animal 
had not been setui There was no 
suspicion of its nearness, and tile clog’s 
death was instantaneous, so it did not 
utter even a .single cry. 

The leoj)ard often buries a part of 
its victim’s carcass, and in Africa 
frequently puts the remains in the 
branches of a tree ; for it differs from 
its relatives, the lion and riger. by 
being thoroughly at honu’ in a tree. 
It can rim up a straight-stemmed, 
smooth-barked trunk almost as rapidly 
as a monkey, and it can take tre- 
mendous leaps in proportion to its size 

At night it will visit a village and 
climb over the walls into the folds and 
])ens for goats and calves. It is very 
patient and persistent, arul if the walls 
are high and strong, the leopard will 
walk round and round them for hours 
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L«opar4s, like their relatione the domestic cats, often plajr together, but at other times they snarl and quarrel. In this photograph i 
leopards at the London Zoo have been having a game, which has developed into something like a quarrel 
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WONDERS OF ANIMAL AND PLANT LIFE 


trying to find an ontrauce. Hut it is to covur him, but you arrive at ttie the roof sufficiently large to allow a 

also very darmg, for it will wait for the place and find the leopard has vanished fowl to be lowered on a string. As 

domestic animals to be driven in for witlioiit leaving a trace of his line of soon as the leopard put its head out to 

the night, and then sei/c a straggler retreat. A hunter has to be very seize the fowl, it was shot from the roof, 
under t lie very eyes of the herdsman. silent and almost invisible in coming A leopard has also been known to 

When other food is not easily up to a leopard, but it is a fine sight enter a hut and snatch a child from 

avadable, the leopard will turn fisher- to see him sitting with his head between its mother's arms. Others have taken 

man. grabbing the fish out of the water his active paws, his ears laid back, his the mother and left the child, 
as a bear sometimes doe=;. It will also piercing eyes ever on the look-out, The leopard is so vindictive that, 

rob birds' iie.sts and claw the grubs out and to hear the coughing grunts or if wounded, it will turn and even 

of rottiMi wood purring or snarling as now and again pursue its tormentors into a tree. 

I.eopards do not often take to man- he pricks up Ins cars to gaze into the Its wounds are generally more dan- 

eating, but when tliey do they are distance in consequence of some sound gorous than those of the lion or tiger, 

more dangerous than maii-(‘ating tigers. which has reached him." for it often eats putrid meat, and a 



The leopards of the Old World are in appearance very muen uke tne jaguars ot tne isew vi/uou, uui inev can be distmguisnecl from the 
jaguars by the fact that their spots are smaller, and where these are in the form of a ring they have no black spots inside the light centre 


One leopard in Kashmir killed nearly a The cubs number anything from one scratch from its claws becomes very 
hundred people before it was slain and to four in a litter, and when quite tiny poisonous. 

similar cases are reported from Africa. make pretty plaything.s : but as they While the forest pigs are a favourite 

The colouring of the leopard enables grow up they become dangerous and, food of the leopard, it is only the 

if to become almost invisible in the it is said, can never be tamed. young ones and the females that are 

country which it haunts. A well- Leopards are often daring enough attacked, for an old boar is a match 
known traveller, Mr. J. Morewood to enter hou.ses. and Mr Dowsett tells even for a leopard or a tiger In a 
Dowsett, says : " You see a leopard as of one in Uganda which entered a but fight between a tiger and a boar in 
plain as a pikestaff, you mark the spot and got under the bed waiting for its India which was witnessed by an 
and keep your eyes riveted upon it as victim to come in But the d<x)r was English hunter, the tiger came off 

you walk towards it with your rifle ready shut, and then a bole was made in definitely second best. 
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BALLOONING TWO MILES UNDER THE SEA 



uldc Chain 


1 he li(ith\s<apfu ohservaf ion ihamher 
IS \i\ feel iH diametcf ami made of 
stiel ii ine-he^i thnk h ts aftle fa with 
stand a f*re\\ure of lo.ooo pounds to 
the square vuh On its first test the 
hathvscapke naihed a depth of id. ns 
feet oft Saple\, hut it li designed to 
desiemi lit 2 o,o>n) ftet (nearly finti 
miles). 1 he namt " hat hyscaphe” come 
tuon tho (heek words: " hathu',,” 
nuiifiini: depth ; and scaphe” a huh 
iHians ship 


Exploring the bed ot the sea in helmet and rubber diving suit 1$ 
limited to comparatively shallow water because of the great 
pressure, which increases rapidly with depth. To enable 
observers to examine in safety the ocean bed thousands of feet 
below the surface, Professor Piccard, the Swiss physicist and 
balloonist, invented the bathyscaphe ; and it was particularly 
appropriate that he should do so, because diving by bathyscaphe 
is simply ballooning in reverse. Just as a balloon rises because 
its envelope is filled with a gas lighter than air, so a bathyscaphe 
sinks to the bottom of the sea by the weight of its ballast and 
then rises because its tanks contain a liquid which is more 
compressible than water. 

As the drawing on this page shows, a bathyscaphe consists of 
a ball-shaped observation chamber fixed to the bottom of a hull 
like that of a submarine. The hull has a number of cylinders 
containing petrol, and a series of tubes containing iron filings 
which serve as ballast and are held in the tubes by electro- 
magnets. As petrol is more compressible than water, its 
buoyancy, and therefore lifting power, decreases during descent 
of the bathyscaphe, and increases during ascent. The ends of 
the cylinders containing the petrol continue as narrow tubes 
which turn over and end at the top of the hull, where they are 
open to the sea. 

When the bathyscaphe submerges under the weight of its 
ballast, sea water enters the open end of the tubes and passes to 


the petrol, so compres.sing the spirit and reducing its buoyancy ; 
this makes the bathyscaphe descend deeper. To prevent descent 
from being too fast, ballast is released by switching off the current 
to the electro-magnets, so releasing iron filings held in the tubes. 
When the bathyscaphe nears the seabed, lengths of steel cable 
suspended from the hull come to rest on the bottom. This 
reduces the bathyscaphe’s buoyancy and, propelled by its 
electrically-driven screws, it floats a few feet above the seabed. 
The bathyscaphe is brought to the surface by releasing more iron 
filings, so reducing its weight. As it rises, the petrol in the 
cylinders expands and forces out the sea water, so that the 
bathyscaphe becomes ever more buoyant. 

The bathyscaphe’s observation chamber accommodates two 
persons, and contains the controls, together with cameras and 
instruments for recording underwater conditions. Air within 
the chamber is supplied from oxygen cylinders and the stale air 
is disposed of by chemical absorbers. 

Arranged along the bottom of the hull, but clear of the 
observation chamber underneath it, are a number of heavy metal 
weights held by electro-magnets. These weights act as a safety 
ballast, and if the iron filings fail to be emptied from their tubes, 
the current energising the electro-magnets is cut off and the 
weights are released. The sudden dropping of the weights gives 
such increased buoyancy that the bathyscaphe shoots to the 
surface at the rate of perhaps lOO feet per second. 

















WHAT THE EARTH’S ORBIT IS REALLY LIKE 


W K are taught that the Earth 
travels round the Sun in an 
orbit winch is not a circle, l>ut 
an ellipse, and the diagrams in our 
geography and astronomy books always 
show this <'llipse with one axis very 
much long(T than the other. 

It is perftxdly true that the Earth's 
orbit IS an ellipse and not a cirOle, but 
tlic ellipse is nothing like so 
pronounced as we sec in the 
diagrams tliat are usually given 
In fact, it is so near a circle 
that a true diagram ol it could 
not be distinguished from a 
circle except by placing a 
circle on the ellipse or by careful 
ntathcmatical measurements. 

Here is a diagram showing the* 

Earth's orbit and a true circle 
It will be seen that the dilierence 
is scarcely perceptible. As a 
matter ol fact, the Earth’s orbit 
is not always of the same shape 
As the years go on it is getting 
less and less elliptical, and in 
ab6«lt ^4,000 years will be almost 
a trl'ie circle Then it will gradu- 
ally become more elliptical again 
^hat is it that causes this 
variation in' the sliape of the 
EarlE’^ path round the Sun ? 

Well, it is the attraction of the 
other heavenly bodies. All the 
planetS'travol round the Sun in 
eili{).^es, ‘ and some orbits are 
more elliptical than that of the 


Eartii It is, of course, the gravitation 
or pull of the Sun which keeps the 
various planets travelling round and 
round instead of rushing off into Space 
Hut it must be remembered that 
although the Sun’s pull is so tremen- 
dously great compared with that of the 
[ilanets, yet all these planets have 
their effect upon one another Each 



The Earth’s orbit compared with a true circle 


pulls and is pulled by its fellows, and 
so we get the variations in the shape 
of the orbits. At one time it wak 
thought that the Earth’s orbit would 
go on becoming more and more eccen- 
tric, that is the Sun would be less and 
less near the centre of the orbit; thus 
one dJiy the Earth would become 
parched when nearest to the Sun and 
frozen when farthest so that 
all life would come to an end. 
But we know now. that thi.s 
will not be the case. 

It was Johann Kepler the 
great German astronomer, who 
found that the Earth and the 
other planets move in elliptical 
orbits. By careful oKservaLtion 
he discovered that the move- 
ment of the planets could only 
be explained in this way. It 
was a discovery of the greatest 
importance. 

Kepler also showed that the 
Sun was not in the exact centre 
of the ellipse which formed the 
orbit of eaeh planet, but at one 
of the foci. An ellip.se is drawn 
by placing two pins side by side, 
putting a loop of string over 
them, and then with a pencil 
stretching the loop to its full 
extent and drawing a line right 
round. 'Fbc nearer the pins are 
together the nearer a circle is 
the ellipse. 'I hc foci are the 
jioints where the two pins are. 


THE SUN’S ENORMOUS SIZE COMPARED WITH THE EARTH 


W HEN we look up al 
the Sun it st*ems 
only about the 
same .size as the Moon 
and, of course, the Moon 
is very much smaller 
than the Earth. While 
the ICarth’s diameter is 
7,018 miles, the Moon's 
is 2,163 miles Thedif- 
ft-nMice in .size i.s much 
mure marked wlien we 
consider the volume or 
space the Moon occu- 
pies compareil with the 
Earth. The ICarth is 
hfty times as big as 
lh(* Mexm. 

But how different is 
the size of the Sun 
Although as we look 
up at it in the sky it 
seems the same as tlu^ 
M(xm it is really 
1,305,000 times as big 
as the Earth. 1 1 is quite 
impossible for us to 
realise what this means, 
but the diagram which 
is given here will cer- 
tainly help us to get 
some idea of how va.st 
the Sun is when we 
compare it with the 
Earth 



The Sun s diameter 
IS 865,000 miles, and it 
woukJ take loq earths 
placed side by side to 
reach acros.s the Sun 
from one side to the 
other. The line of 
earths is shown in tlie 
diagram, and from this 
we can sec what a mere 
ST>eck the Earth i.s when 
seen against the Sun. 

Ot course, the matter 
of which the Sun is 
composed is not so 
dense or heavy as the 
material of the Earth, 
and so when we con- 
sider mass or weight the 
Sun is only 333,000 
times as heavy as the 
Earth, 

As the Sun gets 
cooler it will contract ; 
its matter will Ixfcomc 
denser, and its size will 
consequently be less. 
Many of the other suns 
in the universe which 
we call stars are in- 
finitely greater than our 
Sun. At one time the 
Earth was much bigger, 
but as it cooled down 
it contracted. 
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IF A TEST MATCH WERE PLAYED ON THE MOON 



SESESpicture show, us in vivid fashion how very “Cu 

the .b^nce of atmosph^ and «tSll2 strange indeed. The 

live on the Moon. But assuming these ”y*'2S!es’as hiah and run six times as fast and hit six times as hard as on 

puU of gravitation being so much less, weryone 1“^ or struck by a bat would go on without resistance for an 

&e Ea4, whUe the ataence o air hurtliw ““‘^hes, if not aU, every ball 

enormous distance. A good M<w would seiM toe^cltot taUhur^ wr^tw daytime the sky would 

«^wotdfjS^ Moon direct ^dSout being broken up Sy nitrogen crystals as in our atmosphere 
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WAYS OF CONVEYING POWER TO A DISTANCE 



Here are more than forty ways in which power is transmitted. The pulley and windlass in the first two pictures are familiar examples. In 
factories power is often conveyed from the engine to the machinery by belts working on pulley-wheels. When the belt works directly, as in 3 and 
5 to 8, the power is transmitted in the same direction. When the belt is crossed, as in 4, the direction of motion is reversed. When the beL ii 
half-turned, as in 9, the power is transmitted at right angles. By having pulleys of different diameters, as in 6, or cone pulleys, as in 7 and 8, the 
speed can be varied. Two different speeds can be transmitted by having both movable and fixed pulleys on the shafts, as in xo and ix. No. x6 
snows the transmission of rotary motion at right angles by means of a spur-gear and spiral thread on a disc wheeL Power is also transmitted by 
means of gear wheels, many examples of which are given. Sometimes the wheels work by friction only, as in 1^, 18 and 37. To obtain varying 
or irregular speeds, such devices are used as in xp, ao and ax. Sometimes the teeth of the gears are oblique, as In aa, 33 and 24. No. a6 shows 
power transmitted at right angles. No. a8 is a fusee formerly used in watches. No. 39 is a universal joint, and 32 shows a crank and piston, while 
35 shows another form of crank motion with a slotted ^oke. Various forms of rack and pinion are shown in 33 and 36 to 39. No. 30 shows a 
clutch, 40 electric transmission, 41 pneumatic and 4a hydraulic transmission. No. 43 shows chaiin and pulley transmission 
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THE NEED FOR TRANSMITTING POWER 

One of the most important factors in the world s life is the transmission of power from the place where it is 
generated to the place where it is needed for the performance of work. I here arc many ways of transmitting 
power, and some of these arc described and illustrated here 

T ine underground railwiiys of is turned and so the power is both Sometimes, by giving the belt only a 

Ij^ndon arc full of trains, but transntiited and its direction ch.inged tjuarter twist, a shaft can be rotated 

they need power to drive them, Another comparatively simple way at right angles to the driving-wheel, 

and this power is made in a great central of transmitting is by means of There are all kinds of variations of 

electric power station. That, however, wheels called " jnilleys " and belts. this device? for transmitting power. By 
would Ih? u.selc.ss if the power generated fn lactones, until the eoiiiiug of elec- having a number of pulleys side by side 
could not be transmitted through the tricity, tht? general method of trans- of ditierent diarnctcTs, the belt can be 
tunnels to the trains. h.veii a boy on a mitting jxiwer from the engine-room to transferred from one to another and 
bicycle might work the pedals as hard the various jiarts ol the factory was dilferent speeds obtained at diflerent 
as he liked, but this would not m.ake by means of revolving shafts with times. Occasionally cone-shaped pul- 
the bicycle go unless the power which pul ley -wheels fixed 1 o them over which leys are u.sed, as in cotton machinery, 
he generated were transmitted to the ropes or belts passed. These allow of minute ami continual 

driving wheel. In this kind of transmission the lielt change of speed by simply moving the 

When man first began to do things he sometimes passes from the driving belt in one direction or the other along 
used power directly. If ho wanted to wheel of the engine to a pulley or wli eel the pulleys. 

get a log or boat down to the water, attached to a shaft, so that both Another method of Iransmitting 

he pushed it or pulled it. If he wanted rotate in the same direction. The powt?r is by means of geiaring, that is, 
to get a pot on to a table or .shelf he driving wheel of the engine thus, by by means of a combination of wheels in 
lifted it, but the amount of work that means of the pulley and belt, turns contact with one another. Generally, 
can bi\ done in this way is very limited, the shaft and then from the shaft other the wheels have teeth and these engage 
and no machinery but the very sim- belts and pulleys carry the i>ower else- with the teeth of other wheels turning 
plest would have been pcissiblc if ways where, and so all the machinery of the them, as we .see in the works of our 
and means of transmitting ixiwer had factory can be kept working. clocks and watches, or on a larger scale 

not lx‘ea invented. Sometimes it is desirable to rotate in the mangle at home. 

Perha]>s one of the simplest ways of the shaft in the oppo.site direction to Occasionally, however, the wheels 

tratismitting power is that which we that in which the driving wheel ot the have no teeth or projections of any 
.s(?e in the knife-grinder’s apparatus, engine is tumittf. This is done by kind ; they turn together by the friction 
His grinding stone must revolve, but crossing the belt aiad then the one wheel of their surfaces, 
ifhe were to turn this directly, he would going one way tmnsmits its power in Of course in modem times man has 
have to use one hand for turning the such a maimer as ^ turn the other wheel found more efficient ways of carrying 
wheel and have only one hiuid free for the other way. |By varying tlu‘ dia- |K)W(*r over the long disUmces than the 
holding the knife. What does he do ? meters of the pulleys, different .speeds old method of the shaft and pulleys with 
He uses his foot for turning the wheel, can be obtained, f leallier or rope bells. He now transmits 

and then transmits the power thus Thus, tlic bcilt !:passing over a large the power of electric generators hun- 
generated by means of a crank to the driving wheel, if It goes round a small dreds of miles by means of cables, 
grindstone. pulley, will grc^ily increase the s^x?cd Power is also transmitted by means 

This method of using a crank is of the shaft 0n which the pulley is of steam, as in the steam engine, the 
found ill all sorts of machines, and fixed, and on the other hand a belt turbine and so on, and it is transmitted 
particularly in the steam engine. The passing round a small driving wheel by water, fis in the hydraulic machinery, 
piston is driven to and fro by the steam, and going over a larger pulley will and by air as in pneumatic drills, 
and then by mc?an.s of a crank a wheel rotate its shaft much more slowly, hammers, and so on. 



This picture shows how the gear wheels of a big power mangle turn the rollers first in one direction and then in the other direction. 
When the big disc C is turned by the belt and pulley, as in the left-hand picture, the teeth of the wheels A and B engage and the rollers 
turn inwards. When the teeth of B reach the toothless part of A, as on the right, they engage with the internal teeth of C and the 
rotation of the rollers is reversed. Owing to the large diameter of C and the small diameter of B the speed is greatly increased 
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HOW A STEAMER’S DESIGN IS SETTLED: 



betore anything is done towards building a great Atlantic liner the design has to be settled in such a way that all those responsible can 
be absolutely sure that it is the very best design conceivable. The hrst step is the drawing of the plans on paper. Before the actual 
building begins a small scale model of the hull is made and tested in a huge tank with artificial waves of varioui dimensions* the u^ole 
being scientifically carried out and the minutest results noted. This Is done at the National Physical Laboratory at Teddingtoni and 
on these pages we see how the design of a new liner is tested. The plans are taken to the laboratory, where, by means of cutting tools 
attached to an instrument called a pantograph, a wax model on a small scale Is made to represent in the tninutest detail tiie propottions 
of the plans. The wax model is first made roughly in a trough and is then shaped exactly by the pantograph cutters, as shown on the 
left of our drawing. The pantograph, as probably most readem will know, is an apparatus by udiich a small scale drawing can ht 
made from a larger one, but in this case the pantograph has cutters attached, and as a motor slowly moves the wax mo^l akmg in s 
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TESTING A SMALL MODEL IN A BIG TANK 



.r«n.work cutter,"sh.p. it to th. Plans The w« ‘’"S 

01! each side of a huge ta.* 550 jwt long and «**«* pote^te^torm with the surface of the water. The 

buUt to the curve of the Earth;s ^*ce. *0 ttat ttey wd^ wr^mar^pirn « u dimensions so that 

carriage then moves along the t^, !** Uner will be likdy to meet in the ocean. Scientific aiiparatuB 

thew«ship.canb.te.t«lunderaime^bte<^oMt^t^ftn^‘'^^ these records the «:i«nti.ts are able . to 

irJSTES'S 






Steel is about eight times as heavy as water, and yet we see in this photograph of the Cunard-Whitc Star liner Queen Mary a mass of more 
than 80,000 tons, most of it steel, lightly floating in water. What is the explanation ? It is really quite simple. If the masses of steel 
of which ships are made were compressed together into solid blocks they would sink very quickly, but by being spread out into the 
shaoe of a vessel, with thousands of cubic feet of air inside, they float, because their total weight is less than their own volume of 
water. A solid body will always float in liquid if its weight is less than the weight of a similar bulk of the liquid, because the upward 
pressure or buoyancy of the liquid is greater than the downward force of gravity, that is of the body’s weight. A solid piece of iron 
or steel sinks in water because it is heavier than an equal volume of water, but if it is made into a hollow vessel, so that when only 
partly immersed it displaces a quantity of water equal to its own weight, it floats. The weight of a ship and everything on board is 
always equal to the weight of water that the submerged part of it displaces. 


HOW GRANITE AND MARBLE ARE POLISHED 


W B have probably wondered 
when we have seen a 
beautifully polished 
block or pillar of granite or other 
stone how the hard rock had 
obtained this glaze. 

The picture that is given here 
shows the apparatus with which 
the stone is p>olished. Of course, 
before the actual poli.shing takes 
place the .surface is worked as 
level and smooth as possible, and 
then the grinding begins with 
the apparatus shown. 

The actual part of the machine 
that i.s in conbict with the stone 
is known as a lap, and consists 
of a scries of cast iron rings 
arranged round one another. 
Between the rings very fine sand 
and water are fed from time to 
time, and by means of a liandle 
the workman rotates the lap on 
the stone. There are universal 
joints at each end of the arm or 
rod which holds the Jap and con- 
nects it with the driving shaft, 
so that it can be turned in all 
directions without difficulty. The 
handle with W'hich the workman 
guides the lap has a swivel con- 
necting it with the rod. 

The apparatus is worked by 
bevelled gearing and this is 
driven from a shaft. The gearing 
rotates the lap of iron rings 
rapidly while the workman is 
moving it about over the surface 
of the .stone. The upper vertical 



shaft on which the bevelled 
gearing turns is balanced by a 
weight, so that the rod connect- 
ing the machinery, with the lap 
can move freely at any angle. 

There is an old saying that 
'* a constant dropping wears 
away stone,"' and it is equally 
true that a constant rubbing 
wears away stone. The repeated 
friction of the lap with the wet 
sand on the surface wears away 
the minute inequalities till at 
last the surface becomes per- 
fectly smo<jth. 

The harder stone.s like granite 
and .serpentine will take a finer 
polish than softer stones like 
sandstone and limestone. Many 
stones which look dull in the 
rough state are exceedingly 
Ix^autiful when polished, and this 
is nowhere seen more clearly 
than in the case of the grained 
marbles. 

In sculpture the polishing of 
the marble is carried out in a 
different manner. In order to 
give the sculptured figure a 
smoothness and glo.ss, the surface 
of the marble in first rubbed well 
with freestone. Then it is worked 
all over with pumice-stone, and 
after it has b^n rendered quite 
smooth by these processes, it is 
last of all rubbed again and 
again with very fine emery pow- 
der, which proiiuces the desired 
glossy surface gi\ing a soft effect. 
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A TERRIBLE TALE OF THE HIGHLANDS 

Much of history is a stern and tragic business, but in all the annals of the British Isles there is no darker 
story than the Massacre of Glencoe. Here the true (acts of this episode are given in detail 


W ILLIAM OF Orange was never a 
very jiopular king. lie had 
served the pur|V)So of the 
English by relieving them of the 
troublesome Stuarts, but he was cold in 
his manner and rough in his ways, and 
as he was constantly asking for money 
to carry on his wars against Louis the 
Four1<‘enth of France, there were many 
wlio wondered if they had not made a 
mistake by putting him with his wife 
on the throne of England. 

Even his .sister-in-law Anne and the 
Duke of MarUx)rough, who had h<>l]XMl 
him to tlie throne, intrigued again.st 
him, and there were risings in botli 
Ireland and Scotland, for the Stuarts 
had many sympathisers. 

William went to Ireland himsolt. and 
led his army against James’s forces, 
defeating them completely at the battle 
of the Boyne. There was one thing, 
at any rate, about William that the 
English liked, and that was his 
bravery. He went himself into 
the fighting line, where he was 
wounded, but he had the wound 
bound up and continued in the 
thicke.st f)f the fight, holding 
his sword in his left hand, while 
he managed his hors<j with th<‘ 
wounded right. 

Safety First for James 

This was very different from 
James, who watched the battle 
from a saf<* place on a distant 
hill, and as scx)n as he saw his 
men beaten left them in the 
lurch, galloiHHl off to Dublin, 
and soon scuttled back to 
PYance. No wonder one of the 
Irish officers said later on to an 
Englishman : '* Change kings 

with us and we will fight you 
again.” 

In Scotland, when the bishops 
wen' driven out and Presby- 
terianism wa.s d(?clared to be 
the religitm of the country, 
some of the Scottisli nobles, 
finding the.se things distasteful, 
decided to draw the swonl for 
James, and they roused some 
of the clansmen. One of these 
nobles was Viscount Dundee, 
perhaps more familiar a.s 
Graham of Claverhouse. We 
all know the poem of Sir Walter 
Scott, which begins : 

To the Lords of Convention 'twas Clavcr’se 
who spoke, 

“Ere the King's cmwn shall fall them arc 
crowns to be broke; 

So let each Cavalier who loves honour and me, 
Come follow the bonnet of Bonny Diindec.” 


He gathered a force ol clansmen and 
met William’s troops m the l^^ss of 
Kilhecrankie. The Imgli.sli had been 
snppli(‘d with bayonets, a new PYench 
invention whic h waas inteiuled to make 
the men pikt*mon as wtdl as musk(‘t(‘ers. 
But those early bayonets wiTe very 
different from the. wea|xms used to day. 
'1‘hey had to bt* fixed in the muzzles 
of the guns, and it took some time 
to gel them into position. 

The LCnglish suldiefs lc)ilcd up the 
steep hillside to attack the Highlanders, 
and alter firing their guns and killing 
Dundee, they prepared to fix their 
bayonets. But the clansmen were too 
quick for them, and rushing down with 
their broadswords did such service 
that they sikhi defeated William’s force. 

So long as the Highland clans were 
m sympathy with the Stuarts, King 
William telt that there was danger to 
his throne, and he and his friends de^ 


cided that the Ix^st plan would be to 
get the Highlanders to submit to the 
new rule. They were all v^ry poor, and 
so a sum of /i 5.000 was set apart to 
divide among the chiefs of the clans in 
order to induce them to submit. Then 


a day was fixed, December 31st, Kx)!, 
as the last day on whicli th<‘y couhl 
take* the oath ol .liJt'giance to King 
William. If any stood out alter that 
|M‘nod. it was drxlared by prciclama' 
lion, lh<*v would be subjected to fire 
and sword 

'i'his jirocUimation Jiad been framed 
under the mlliumce of a Scotsman, Sir 
John Dairy mple, who was known as 
the Master of Stair. He and the Earl 
ol Breadalbane were very angry with 
the Highlanders because a scheme of 
theirs for bringing the whole of the 
clans ()vt*r to the side of William had 
failed, and th(‘y now determined to be 
revi'iiged for what they considered an 
afiront. They ho|>ed and belit^ved 
that some ol the more stubborn chiefs 
would hold out beyond the dale 
appomtefl for submission, and wc 
know Irom their letters that they had 
determined if such a thing happened 
to inflict u|X)n the culprits 
the most sev'ere and terrible 
puni.shnu'nt. 

But new.s ol their game 
reached the chiefs and these, 
one by one, submitted to the 
government and took the oath 
of allegiance to William of 
Orangi*. It is said that thc'y 
did .so by .soi ret carders of King 
James who, realising the evil 
designs of the Master of Stair, 
wanted to save his friends from 
fleath. If this is true, it is the 
best thing J. lines ever did. 

A Foolish Chieftain 

As the chiefs submitted and 
so could not be punished on the 
ground of dc*lay, the Master of 
Stair, who was a lawyer, did 
his best to find some legal flaw 
in the terms so that he could 
exclude certain of the clans 
from th(' benefit ol the in- 
demnity and make an (‘xainple 
of lluim. But he failed, amt it 
seemed as if the whole ot the 
clans would be safe, when the 
foobsliness (d one of their chiefs 
gave Stair the opportunity to 
exercise his wickedness. 

Maclan of Glencoe was an 
old ni.in <'f statidy and vener- 
able person, whose word was 
greatly rcsptxtcd by other 
chieftains. He had taken part 
in the Killiccrankic campaign, and when 
later the insurgent highland chiefs had a 
conference with the ICarlof Breadalbane 
for the purjxise of arranging an arm- 
istice, Maclan was present and charged 
Breadalbanej with trying to keep back 
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part ol the money ^iven to Inm toi 
(iistribnlion among the chiefs. The 
iuu] denied this .ingrtly, and in fns turn 
t'hargetl Miulan with stealing cattle 
from the lands surrounding Gleiuoe. 
Natur.illy no love was lost betw(‘en the 
two men. and Mae Ian lihnself had b(‘en 
lieard to say more than once that he 
dr(‘ad('d misehiid Ironi the Karl oi 
Br<\ul;d])an<* 

One would have thongtit that, know- 
ing the powder of the Karl, the Glenc(K‘ 
<dneltain would have hastened to make 
his submission in good lime so as to be 
sure of b(*nefiting by King William’s 
indemnity But for some reason or 
other, althongli h(' saw all his tnends 
taking the oath ol alkigiauce, lie held 
out, and only went to make his sub 
mission on December 31st, that is the 
last day allowed by the Proclamation. 
Probably the old chiel took pride in 
being the la.sl to give in 

But unfortunately he went to tlic 
wrong place, and the wrong man He 
found tfiat ('oloiad Hill, 


albane, and even more vindictive than 
he. That official procured from King 
William on January' iith orders to 
execute watli fire and sword all clansmen 
wlio should not liavc rna<lc their sub- 
mission within the time appointed 
Tlio King’s order, however, gave power 
to extend mercy to those clans which 
even after the* time was passed should 
still <omc in and submit theniselve.s- 
Stair, .seeing himstdf baulked of his 
revenge on th(; chief of (ilencoe and his 
people, obtained under some pretext 
a second set of instructions, holding 
out the same indnlgeuce to all other 
clans which .should .submit themselves 
at the hist hour, but closing the gate 
of mercy against Mac Ian and his men 
who, It must be remembered, had 
already submit ted 

In tile new order occurred tiie words, 
" As for Mac Ian of Glencoe and that 
tribe, if they can be well flislingiiished 
from the re.st of the Highkindcrs, it 
will be proper for the vindication of 


and cattle to the mountains. They 
cannot escape you, for what human 
constitution can then endure to liie 
long out of the house,? This is the 
proper season to maul them in the long 
dark nights ” 

Ho even expresses his joy thatClencoe 
liad not submitted within the pre* 
scribed time, and declare.s his hearty 
wish that others had followed the same 
course He expresses to the military 
authorities the desire that the thieving 
tribe of Glencoe might be routed out in 
earnest, and he gives directions that 
every pass by which the victims could 
escape shall be secured, “ To plum 
dor their lands 01 drive off their cattle 
would,” he says, ” be only to render 
them desperate ; they must be all 
slaughtered and the manner of execu- 
tion must be sure, secret and effectual.” 

These terrible instructions were sent 
to ( oloiuil Hill, the Governor of Fort 
William who, being a decent, kindly 
man. tried for some time to avoid 
executing them, but 


the Governor of Fort 
William, to whom he 
ttniderecl his oath of 
allegiance, had no 
power to receive it. 
i>enig a military and 
not a civil officer 'Fhe 
old chieftain was now 
in great distres.s, but 
C'olonel Hill, who syin- 
pathi.S(*d witii him, gave 
iiim a letter toSir ('oliii 
(.'ampbell. Sheriff of 
Argyllshire, requesting 
that t»fficial to receive 
the '* lost sheep ” and 
administer the oath so 
that he might have 
the advantage of the 
indemnity 

One Day Late 

Mciclan hurried oft 
from Fort William to 
Inverary, but a heavy 
snowstorm came on 
and made the roads 
almost nnp;is.sable 
The result wtus tluit 
although he went as 
quickly as he could, 



An old domestic woke them at four o’clock m the morning and told them 
to rise and fly for their lives 


when at last he liad to 
obey he sent the orders 
on to Lieut .-Colonel 
Hamilton, telling him 
to take four hundred 
men of a Highland 
regiment belonging 1 t» 
the Karl of Argyll and 
fulfil the royal man 
date. 'I'he choice of the 
executioners w'as di‘' 
liberate, foi the men 
selecti'd were Camp- 
bells, wh() luid long 
liad a bitter fend witli 
the Macdonalds of 
Glencoe. There was 
no doubt that they 
would do tlui fell work 
far more thoroughly 
and more zealously 
than strangers 

Scot Against Scot 

As Sir Wulter Scott 
has emphasised, it is 
quite unjust to suggest 
that the massacre 
which followed was 
committed by English 
troops. The whole 


the unfortunate 


dreadful deed was 


chieftain only reached Inveraiy on 
January 1st. 

The sheriff, however, being a decent 
man and realising that Mac I an had* 
complied with the spirit of the Pro- 
clamation in submitting within the 
given })(?riod. Ihougfi by a genuine 
mistake he had applied to the wrong 
person, decided to administer the oath 
of allegiance 

Maclan, supposing that everything 
was now safe <ind that he and his people 
were under government protection, re- 
turned to fiis home. He gathered the 
clan, told them what he done, and 
ordered them to live peaceably and 
give no cau.se of offence to iuiyone. 

But the diief had reckoned without 
the Master of Starr, a friend of Bread- 


public justice to cxtir|iate that set ol 
thieves ” 

The w'icked ingenuity ol this will be 
seen, for all the clans including that of 
Grlencoe had already submitted. Yet 
the order presumes that the (Glencoe 
people had not given in their alle- 
giance Probably King William, al- 
though he .signed the orders, knew 
nothing of the real facts of the case. 

There i.s no doubt whatever about 
Stair’s wickedness His letters to the 
military officers directing how the 
King’s orders were to be executed show 
his fierce determination that the re- 
venge should be as savage a.s possible. 
” The winter,” he said, ” is the only 
season in which tbe Highlanders cannot 
elude us or carry their wives, children 


ilannod by Scotsmen and carried out 
)y Scotsmen. 

By tlie end ol January a party of the 
Earl of Argyll’s regiment commanded 
by Captain Campbell of Glenlyon, 
approached the valley of Glencoe. 
Mac Ian's sons, with several others, 
went to meet them and asked whether 
they came as friends or foes. The 
officer replied that they came as friends 
and had been sent to take up tlieir 
quarters for a time in Glencoe so as to 
relieve the garri-son at Fort William, 
which was very overcrowded. 

They were thereupon welcomed by 
the chief and his followers, and for 
fifteen days were given every hospitality. 
They lived in the houses of the people, 
were entertained at meals, played cards 
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with the clansmen find thoroughly en- 
joyed th6mselves* When wc rememl>er 
what was intended, it seems the very 
refinement of. cruelty that one of the 
sons of Maclan, destined for death, was 
the husband of a niece of Glenlyon, the 
commander of the troops. 

But Glenlyon seems to have been a 
worthy servant of those who had 
planned the dreadful deed. When he 
had been living on the hospitality of 
the Glencoe clansmen for a fortnight, 
he received orders from his command- 
ing officer, Major Duncanson, directing 
that all the clansmen under seventy 
years of age were to be cut off and that 
the government was not to be troubled 
with prisoners. The order was as 
follows : 

“You are hereby ordered to fall 
upon the rebels and put all to the sword 
under seventy. You are to have 
especial care that the old fox and his 
cuW do on no account escape your 
hands ; you arc to secun? all the 
avenues tnat no man 
escajHi. This you are 
to put in execution at 
four in the morning 
precisely, and by that 
time, or very shortly 
after, I will .strive to 
be at you with a 
stronger party. But 
if I do not come to 
you at four you an; 
licit to tarry for me, 
but fall on. This is 
by the King’s special 
command for the 
good and .safety of 
the country that 
the.se miscreants be 
rut off root and 
branch. See that this 
be put into execution 
without either fear 
or favour else you 
may ex]iect to be 
treated as not true to the King or 
Government, nor a man fit to carry a 
commission in the King's service.” 

Glenlyon, as soon as he received the 
letter, lost no time in carrying out tin; 
dreadful order. Up to th<; last he lulled 
the suspicions of his victims by cour- 
teous familiarity. He even on the day 
before the massaeax; visited the house 
of his niece's luisband, Alaster Mac- 
Donald, Maclan's second son, and drank 
with him. He and two of his officers 
accepted an invitation to dine with 
Mad an on the following day, although 
they know that for the chieftain the 
sun would never rise. He even played 
cards with the two sons of the chief. 

But on the evening preceding the 
inas.sacre Maclan's two sons noticed 
that the sentinels everywhere were 
doubled, and John, the cider brother, 
had heard some of the soldiers mutter- 
ing something about not liking the 
nature of the service they were en- 
gaged in. 

On the eve of the massacre, therefore, 
they went and questioned Glenlyon 
and found him and his men preparing 
their arms as though for a fight. They 


expressed their alarm, but the officer 
laughed at their fears and told them that 
his troops were getting ready for an ex- 
pedition against some local robbers. “If 
anything evil had l>een intended,” said 
the treacherous and crafty Glenlyon, 
“ would I not have told Alaster and my 
niece ? “ The young men were reassured 
at this, and went back home to bed. 

Treachery in the Night 

But just after 4 o'clock they were 
awakened by an old domestic, who told 
them to rise and fly for their lives 
“Is it lime for you to be sloopiug,” .she 
said, “ when your father is murdered 
on his own hearth." 

The young men hurried out in terror, 
and heard coming from all parts of the 
glen the sound of musket fire, the cries 
of the victims, and the shouts o( thi; 
murderers. It all scorned incredible, 
but they fled, and by their knowledge 
of the almost inacce.s.sibl<; cliffs maiuig(;d 
to escajx^. 



The morning after 


icoe From the painting 
Gallery of Scotland 


It appear^dV tfiat at about four .1 
party of sqJdiors went to Maclan's 
houst; and ktiockcd for admittance, 
which was at once granled. The oflicer 
in charge of this party was one of the 
exiieclcd guests of the family meal 
that day. Without the slightest hesita- 
tion he shot Maclaii dead by his own 
bedside, 'I'he chief's aged wife was so 
badly treated that she died the next 
day. TJk; .servants and others in the 
liousc? were kilkd. 

Dreadful Work all Over the Glen 

Then the dreadful work went on all 
over the glen. No regard was paid to 
the order which said that only tho.se 
under seventy were to be slain. Those 
more agt;d were al.so killed, as were also 
some of the children. In one house 
nine clansmen were as.scmbled round 
their morning fire, when the soldiers 
entered and fired. Four were slain. 
The owner of the house asked that he 
might be put to death in the open air 
rather than under the rooi^. 

“ For your bread which I have eaten," 
said the soldier in charge, “ 1 will grant 
the request." He was accordingly 
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dragged outside, but just as the 
soldiers were presenting their muskets 
to shoot him he quickly cast his plaid 
over their heads and taking advantage 
of the confusion ran away and est'aix^d 
up the glen. 

The soldiers set the huts on fire, and 
the women and children had to flee 
amid snow and .storm in the winter 
darknc.ss. Many of them were frozen 
to death in the inhfispi table nioiintains. 

The nunilx^r killed in the glen was 
thirty-eight, while of those who e.scaped 
in the (larkness many perished from 
starvation ;md exposure. 

As soon as the news spread it causwl 
a feeling of horror, and King William's 
rci^utafion was stained for all tune. But 
the villain of the piece was the Master 
of Stair, who had dcUl>eratcly jilanned 
the whole thing. The massacre had 
results, how(;ver, which he never fore* 
saw. For the first time in history the 
Lowland Scots showed compassion for 
Highlanders, whom hitherto they had 
always treated as 
thieves and savage^ 
unde.serving of any 
mercy. 

"I’he Scottish 
I’iirliament i n d i g - 
nantly called on 
King William to di.s- 
miss the Master of 
Stair from otlice, and 
tht;io was an incjuiry 
by a Koyal Com- 
mission in 1 o the 
whole incident. Stair 
was obliged to retire 
from pul >1 1C affairs, 
and when he sue- 
coecled to his father’s 
title of Viscount 
Stair, he darcfl not 
.. T j some* years make 

by J. B. Macdonald appearance in 

parliament. loiter 
on, howtjver, he Wtis 
math; an earl, and the other a.g(‘uls of 
the massacre all went unpunished. The 
King's rei)utation was tarnished, and 
the Massacre of ('dcncoe stands c)Ut as 
one of the dark blots in Briti.sh annals. 

Then; is an interesting s<.‘quel to the 
story. When the Young l-*retcad(»r 
raised an army and marched through 
the Lowlands in 1745, among other 
Highlanders who jointxl liis .standard 
Wcis a de.scendant of the murdered 
M<i< Ian of Glencoe. He took with him 
150 of his men. 

The route of Charles Edward’s army 
broiiglit them near a l>eautifnl seat of 
the Karl of Stair, and it was feared by 
the Prince and his advisers, that the 
Glencoe clansmen would take ad- 
vantage of this chance of revenge by 
burning or plundering tlu; mansion of 
the descendant of their persecutor. 
Such an act would do the th-ince’s 
cause no good, and so it wa^s decided to 
place a guard there to protect Stair’s 
house. But when Maclan’s descendant 
heard this, he insisted that he and his 
men should form the guard. The chief- 
tain's request was granted and the 
property was safely protected. 


GLIDING EASILY OVER THE SLIPPERY ICE 
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Once the difficulty of keeping balance on a slippery 
surface has been mastered » skating is not difficult, 
as the earnest young skater on the left is successfully 
demonstrating. Above, two small girls have no 
difficulty in performing a complicated dance on 
the ice. The photograph below is of a scene from 
the pantomime Babes in the Wood performed by 
skating actors and actresses. Spectacular ice shows 
of this kind are now a popular entertainment 
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WHY WE FALL SO EASILY ON ICE 

How do we find it so difficult to walk across the ice. or across a shiny ballroom floor ? And why is it 
more difficult to walk with new shoes on our feet than when we are wearing our old ones? It is all a 
question of friction^ one of the most important facts in our lives. We read many facts about friction 
on pages 201 to 203, and here .s some more interesting information upon this subject 


I T is very easy to slip and fall on 
the ice or on pavements covered 
with frozen rain; in fact, on such 
surfaces it is extremely difficult for us 
to keep our balance at all. In anothei 
part of this liook we road of the appara- 
tus in our heads which enables us to 
keep upright in the ordinary way, and 
if we are healthy it is quite easy to 
walk on an ordinary rough surface like 
the road or pav'ement or a carpet (*( I 
floor. But on a slippery surface it is 
difficult, and indeed, if the surface is 
very slippery it is practically im- 
possible. 

'I'he most dangerous lormation of 
ice on roads and pavements is what is 
known as a silver thaw. I'his is a 
natural phenomenon produced when a 
warm, damp wind blows over a cold 
surface. The moisture in the wind 
becomes condensed and frozen into a 
thin layer of ice on the surface. 

The whole of the roads and pave- 
ments in towns often Ixjcoine coated 
in this way in winter, the effect being 
increased by a fall of rain, 
which freezes the moment 
it leaches the ground. I'eoplc 
slip and fall in all directions, 
and many of them hurt 
themselves. Vehicles skid 
and tlieir wheels can grip 
the road only if the ice has 
t>ecn strewn with sand or 
melted with salt. 

Why do peo]>le fall so 
easily when walking over 
ice Well, the reason is 
that ic<‘, being so smooth 
and slippeiy, the friction 
between the soles of the 
shoes and the surface of 
the ground is reduced to a 
minimum. When walking 
there must be friction or 
we could not get along. 

When we ]>ut one foot 
dowm and bring the other 
forward there must be 
friction between the sole 
and the ground in order 
that our foot may get a 
grip and not slide iorw'ard. 

The friction being almost 
entirely removed when we 
walk on ice, the resting foot 
cannot get a grip and slips 
forward as we try to bring 
the other foot in front. The 
result is that our centre of 
gravity gets misplaced, 
and we are in what men of 


science call a state of unstable equi- 
librium (we read about this on page 34). 

We know how easy it is t(j slip on a 
banana skin. The skin slides on the 
pavement, taking us with it. Well, 
during a silver thaw it is as though the 
whole of the ground was covered with 
hanana skins. 

loosing our t^qinlibriuin we go over, 
falling, perhaps, on one knee, hut as 
soon as this comes in cont.ict with the 
ice it also slips. Then we put out our 
hand to break the fall, ana that slides 
as well. Nothing can get a grip on the 
slippery surface, and the result is that 
the final speed of the fall is .such that 
a great strain may be s<‘t n)) at various 
points of the body, causing some of our 
hones to break. 

It might be asked why, if we cannot 
walk on the ice, are we able to slide or 
skate over it without falling down ? 
Well, of course we have to learn to do 
this in the same way as wc have to 
learn to ride a bicycle, but with a little 
practice* it is quite easy to slide or 
skate without falting 


We have already read on page 6« 
about Newton'.s First Law of Motion, 
which says that “ every body con- 
tinues in its state of rest or of uniform 
motion in a straight line, except in so 
far as it is compelled by external 
lorce to change that .state.” 

Now, when we push ourselves off 
with one foot in sliding or skating, 
giving ourselves a rapid forward mo- 
tion, th(jre is just as much tendency 
for us to overbalance and fall as when 
walking oil the ice, but the fa.ster the 
motion forward of the iierson skating 
or sliding, the less effect the pull of 
th(i Kartii has on his body, because the 
rapid forward movement to some 
extent counteracts the pull of gravita- 
tion. 

It is therefore much easier to keep 
one’s balance when sliding or skating 
quickly than when trying to go .slowly^ 
exactly as it is easier to rifle a bicycie 
quickly than to ride it slowly. 'I'he 
less the motion forward the more the 
tendency i.s to overbalance. 

I'rom what has been said it will l>e 
clear that our needs are 
c| u i t e different when 
walking from what they 
are when skating or 
sliding. In the one case 
w(j need soles to our shoes 
that are not too smooth 
and shiny, and ground 
that LS fairly rough witliout 
being too rouj^h and irregu- 
lar, In fact, in walking we 
need just sullicient friction 
l)Ctw(‘en our soles and the 
groumi to give a grip with- 
out these surfaces bemg so 
rough as to make walking 
a difficulty and hardship. 

In skating and sliding, 
on the other hand, we want 
to get rid of friction as 
much as fiossible. The 
.smoother the skates and 
the smoother the ice the 
more rapidly shall we be 
able to move over the sur- 
face. In other words, if the 
ice is very smooth, skating 
becomes easier, while walk- 
ing becomes more difficult. 

We see the same thing 
indoors when we try to 
walk across a polished 
dance floor while wearing 
new shoes that have their 
soles very shiny. Unless 
we are exceetlingly careful 
we shall slip down. But 
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We can walk on the ground because the slight inequalities of the 
soles of our shoes fit more or less into the inec|ualities of the ground, 
as shown in the upper picture, setting up, friction, which enables us 
to get a grip. If, however, we step upon a banana skin, the inequali- 
ties of our soles and the ground are tilled up with the soft material 
of the skin, and our foot then slides without friction over the ground 
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if, instead of walking on 
this floor, wo are goinf? to 
dance, especially if we are 
going to waltz round and 
round, them the smoothei 
the floor and the smoother 
the soles of our sho(*s the 
more easily we shall be 
aide to carry out the 
inov'cinents of the dance 
Here, however. 1 rut ion 
must not bo entirely 
abolished or we should not 
get the grip to start oft 
in our dancing. 

In some w'ays life may 
be regarded as a battle in 
which friction acts some- 
times as OUT friend an<l 
sometimes tis oin foe 
Friction is our foe when 
the ice gets rougli and 
our skate blades rusty, as 
tlicn it reduces oiii speed 
and makes skating less 
easy F»ut it the ice cracks 
and w’e go into the water, 
and someone throws us a 
rope, then friction is oui 
fnend, as it enables us to 
grip the rope so that we 
can be tlrawn out of the 
water. li there were no 
Iriction. the rope would 
slip right through oui 
Irands wlum our friends 
started to pull. We could 
not even make use of a 










A champion skater skimming over the ice at about 25 miles an hour 
He is able to attain this great speed because the smoothness of his 
skate blades and the smoothness of the ice do away with friction 


loop in the rope to slip our 
ann through, for directly 
the rope was pulled the 
knot would come undone. 

An amusing story is told 
of a small boy who wanted 
to help his mother by 
oiling her sewing-nnachine. 
He put oil on the large 
wheel over wliich the belt 
runs, w’ith the result that 
he .so reduced friction that 
when his mother tried to 
work the machine the belt 
slipped round the wheel 
without turning it instead 
of getting a grip and 
rotating it. 

We get much the same 
thing when we travel on 
roller skates over a smooth 
floor, only in this case any 
friction l^etween the rollers 
and the ground is rolling 
friction, and not sliding 
friction. Kolling friction is 
much less pronounced than 
sliding friction, and so 
great speeds can 1x5 ob- 
tained on roller skates. 

But here is a jxiradox : it 
would be difficult , if not im- 
possible, to travel with roller 
skates over ice, for there 
must be a certain amount 
of friction to give the 
necessary grip to the rollers 
to enable them to turn 






STRANGE HAPPENINGS IF FRICTION CEASED 



Friction plays a very important part in our daily lives, and we read a good deal about this on pages 201 to 203. If there were no 
friction there are many things which we do now with ease which would be absolutely impossible. Friction is necessary to us, and yet 
in many directions, as in the working of machinery, we try as far as po$sible!to overcome friction. On these pages a number of pictures 
show incidents in everyday life that could not be carried out if friction suddenly ceased. The pictures explain themselves. Every 
time we walked, for example, instead of the foot we put forward gripping the ground, it would slip back, and we could not get forward 
at all. All the actions shown depend for their success almost entirely upon friction 
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MARVELS OF INSTANTANEOUS PHOTOGRAPHY 


Here is a description of a wonderful device by which miniature flashes of lightning more brilliant than the 
sunshine can be produced and regulated, so as to enable objects moving as fast as a bullet to be photographed 

with exposures of l/500,()00th of a second 


W HEN we realise that photoj^raphy 
is little more than a century 
old, it is really marvellous to 
think of the amazing advances and im- 
provements that have been made since 
Iwiouis Daguerre of France first an- 
nounced the production of photographs 
in January, 1831). Of course, he had 
been at work for some years before this, 
partly on his own and partly in col- 
laboration with Joseph Nidpee. 

At the same time, in hmglaiul. 
Fox Falbot had hit upon the idea of 
making pictures by using the Sun's 
action 011 a chemical substance, and 
in the same year that Daguerre an- 
nounced his invention ol the daguerreo 
type, Fox published an account of his 
method of producing a negative ])Iate ; 
tliat is, one in which the lights and 
shades were reversed, and from which 
any number of positive copies could 
be obtained, pictures which were 


christened talbotypes, after their in- 
ventor. 

By Daguerre's method each par- 
ticular copy of a photograph had to t>e 
made afresh by the camera, whereas by 
Tall)ot’.s plan the negative plate enabled 
any number of prints to be made from it. 

It must be pointed out, however, 
that, like so many other inventions, 
photography was not the w-ork of one 
man. and long before Daguerre or 
Niepce or 1 'alhot had started their 
experiments. Thomas Wedgwood, a 
son of the famous English potter, 
Josiah W<‘dgwood, coabiil paper and 
white leather with a solution of silver 
salts and, laying opatjiic objects on 
the surface and exposing the fabrics 
to light, obtained imprints of the 
objects. The pa|)er, where exposed, 
was turned black by the light, but 
remained white when! it was protected 
from the light by the objects. 


Later, Wedgwood, in conjunction 
with Sir Humphry Davy, continued 
the exy:>eriments and copied paintings 
on glass by placing them in contact 
with a sensitised surface. Those 
copies, however, were not permanent, 
and the light soon darkened them till 
the whole paper became black. Ap- 
parently, neither Wedgwood nor Davy 
considered the invention of much 
importance, for neither seems to have 
tried to devise any method of making 
the photographs permanent. 

It is said that similar experiments 
had Ix^en carried out still earlier on 
the Continent, but, so far as authentic 
details go, we may call Wedgwood the 
first photographer. 

Talbot, in a book on photography 
published in 1844, says ; “ When the 
Sun shines small ix)rtraits can lie 
obtained by my process in one or two 
seconds, but largo portraits require a 



This is the simaratus by means of which photographs can be taken with exposures of one 500,000th of a second. The electricat device 
produces brilliant flashes of Ught that imep Ume with the exposure of the in the camera. The light is brighter than sunshine 
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somewhat longer time. When the 
weather is dark and cloudy a corre- 
sponding allowance is necessary, and a 
greater demand is made upon the 
patience of the sitter. 

" Groups of figures take no longer 
time to obtain than single figures 
would require ... If we proceed to the 
City and attempt to take a picture 
of the moving multitude we fail, for 
in a small fraction of a second they 


customer the flesh did not reflect 
sufficient light to affect the chemi- 
cals. 

Even after this preparation the sitter 
had to remain perfectly still for about 
twenty minutes, with the back of his 
head fixed in a vice to prevent him 
from moving and spoiling the photo- 
graph. Then the full sunlight had to 
be reflected on the ffice. the sitter 
keeping his eyes closed. 


only one 50,000th of a second. On this 
page are given two oth?r amazing 
photographs taken witli the same 
speed. With the apparatus shown m 
page g66 light more brilliant than sun- 
light is produced by an electric circuit 
in pulses or flashes. The flashing of 
the light is made to keep pace with the 
.speed of the film, and four thousand 
photographs a second can be taken 
with exposures of one half-millionth of 



Here are two amazing photographs each taken m the 500,000th of a second. On the left we see an electric light bulb being broken 
with a ha^er, and we notice that while the hammer smashes the top of the bulb, contact with the ground smashes the bottom. On 
the right is a stream of water issuing from a tap. The shape of the stream as it rushes from the tap is as clearly seen as if it were 
carved out of glass. These photographs and that on page 865 are given by courtesy of the Massachusetts Institute of Technology 


change their ixisitions much as to 
destroy the distinctnc.ss ot the repre- 
sentation." 

But although Talbot speaks of 
photographs being taken in one or 
two seconds, it was a very different 
busine.ss in the studio. Having one's 
photograph taken eighty years or so 
ago was, indeed, an ordeal. The 
photographer painted the sitter’s face 
white, because, as he informed his 


All this has now been changed, 
and even a hoy or girl with a camera 
costing a few shillings can take an 
excellent instantaneous photograph of 
a moving object. 

Of recent years the speeding up of 
instantaneous photography has ad- 
vanced by leaps and bounds. We have 
already seen on page 594 some re- 
markable photographs taken of a golf 
ball during play with an exposure of 


a second. The light is equivalent to 
40,000 lifty-watt bulbs 

By using a phot(>-electric cell a bulU*t 
can be made to take its own photo- 
graj)h as it leaves a rifle barrel, Th*^ 
beam from tlie cell is projecte^l across 
the flight-path of the bullet, and as the 
bullet passes it breaks the beam, 
wherciit>c>n an electronic device open.s 
and closes the camera shutter in the 
split fraction of a second. 
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HOW THE WIND INTERFERES WITH SOUND 



The distance to which sotinds can travel in the open air and the clearness with which they can be heard depend largely on whether 
the day is calm or windy^ and if it is windy, upon the direction and force of the wind. Naturally sound can be heard at a greater 
^stance when travelling with the wind than when the wind is blowing from the listener towards the sound. Sounds are heard best, 
however, when the weather is calm. Even the slightest wind affects the intensity with which a sound is heard. In a wind the sound 
waves are scattered and the consequent scattering of their energy decreases the intensity of the sound. These two pictures explain 
this. In the first picture we see how the sounds of a bugle note travel in unbroken waves on a calm day, and on the right how the 

sound waves are broken up and scattered when the wind Is blowing 
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THE MYSTERY OF THE ZONES OF SILENCE 

There are many curious things about sound. It is transmitted by waves in the air, or in whatever substance 
it may pass ^rough. But in its journey it is affected by many conditions, such as temperature, wind, and 
so on. Here we read some interesting facts about sound and how it travels from its source to our ear 


T hk distance at which sounds can bo 
heard varies a p^reat deal accord- 
ing to the ('ondi lions of t he atmo- 
sphere. if the day is quite clear and 
practically no wind is blowing a normal 
man’s voice may be lieard for several 
miles, ])rovided, of course, that nothing 
intervenes between the speaker and 
the listener. If, however, the wind is 
blowing, the rang<j of sound is greatly 
reduced. Even a liglit wind inake.s ail 
the difference. 

Naturally a sound can bo heard at a 
lar greater distance when it is travelling 
with the wind than when the wind is 
blowing from the listener towards the 
speaker. 

A wind dissipates or scatters the 
tone of the sound waves so that some 
of their energy instead of moving 
forward spreads to the sides. Tins 
scattering of energy decreases the 
intensity of a sound more than would 
be the case if there were no wind. As 
scientists put it “ the intensity of 
sound decreases inversely as the 
square of the distant^’," wliich simply 
means that if you doubh^ the distance 
the sound is not half as strong but only 
a quarter, and similarly, if you halve 
the distance, the sound is not twice as 
powerful but four times. Thus, if for 
example, a whistle can be heard for a 
distance of half a mile, four whistles 
in a calm would he Inward for a tli.slance 
of a mile. In a moderate wind, however, 
the actual distance over which the 


four whistles would be heard vvoulil be 
increased to only about three-quarters 
of a mile, instead of a mile as in a calm. 

At night sounds can be heard mucli 
more clearly and ovt‘r greater distances 
than during the day. This is due to the 
fact that th(i ear is more sensitive to 
individual sounds luTausc there are 
tew(T sounds d’^tiirbing the atmo- 
sphere. In addition, owing to <liffer- 
ences in tcm]K‘ral ure, the sound waves 
arc bent downwards and are thus able 
to reach the ear more (^asily. On a 
calm night the distance over which a 
sound can l>c heard may be as much as 
from ttMi to twenty times as great as 
during the day. 

A Strange Thing About Sound 

One strange thing about sound is 
that between the source of a sound and 
the outside ciistanct; at which it can bo 
heard there is sometimes an area 
where the sound cannot be heard at all. 
This occurred in the great bilvertown 
explosion during 'the War. 

It was heard as fer north as Notting- 
ham, Lincoln and Norwich, but could 
not be heard oVork belt which included 
Ipswich, Li I lord apd Uppingham. Yet 
nearer still, at pla|‘es like Northampton 
and Luton, it heard distinctly. 

The cause of 'tl^se belts of silence is 
not yel iindora!fo|d. In some' cases it 
is thought to befiduo to a reversal in 
the direction of, tibe wind in the uj)per 
part of th(j attnosphere. The sound 


waves, it is said, arc carried up and are 
then bent down again towards the l^arth 
at a point some distance away, leaving 
a silent area «n between. Tht‘ exj)lana- 
tion may be true in some casi's, but 
there are many instances on n^ord 
where areas of silence have* occurnnl 
and tile (onditions have not been such 
as to justify this explanation. 

Souiul IS c.irried rather better in a 
fog than in n clear atmosphere, 
although many people have the idea 
that fog muflli*s sound. 

It must be reniembcrcd that when 
we speak of sound travelling in waves, 
tliough the vvave.s are in tlie material 
through uhieh the sound travels, 
whether it be air or a liquid, or solid, 
the particles of the material do not 
move along with the sound. 'Ihe 
passagt‘ of sound is not like the flight 
of a rifli‘ bullet. It is really the same 
kind ol thing as when we hold om? 
end of a rope which is attached to a 
p<)St .some cli.stance away, and then by 
giving the rope an up-and-down motion 
wc transmit waves from the end we are 
holding to the other end. The waves 
pass along the rope, but the particles of 
the rope do not travel towards the post. 

The particles of air through which a 
sound travels have a motion something 
like that ot the wavi^s of the sea, as 
shown on page 210 ; that is, the movi^ 
rnent of each particle is limited. This 
movement i.s very small, and is really 
alternately backwards and forwards 



This picture gives one explanation of why a loud sound such as that which is caused by an explosion is heai'd^ and then) after passing 
over a zone of silence, is heard again farther away. The matter is somewhat of a mystery, but it is believed that air currents have 
something to do with it, and that the sound waves are driven up into the air, and then return to the surface of the Earth 
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WATERFALL THREE TIMES HIGHER THAN NIAGARA 



Waterfalls are not always caused in the same way. Sometimes the bed of a river is of unequal hardness, and the less resistant parts 
are worn away more rapidly than the harder rock up-stream, with the result that a precipice is formed over which the river pours. This 
is the commonest way in which falls originate. At other times a landslide or earthquake or flow of lava may form a dam over which 
the water flows. But whatever the original cause the falls are constantly undergoing change. Niagara, for example, is moving slowly 
up-stream, and that is the case also with these lofty Nevada Falls in the Yosemite Valley, U.S.A., which have a sheer drop of 594 fe^ 
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THE GREATEST MOUNTAIN RANGE IN THE WORLD 



Which is the world’s greatest mountain range ? Many people would say the Himalayas, because of the enormous height of many of 
the peaks. Others might answer the Andes, because of their great len^h. But the greatest mountain range in the world is neither 
of these. It lies where no human eye has ever seen it, except for one or two of its highest peaks. It is buried beneath the Atlantic 
Ocean, and runs from Iceland in the north to the borders of Antarctica in the south. Rising from the lowest plains of the ocean bed, 
It towers up in some places to a height of nearly four miles, and in a few places the lofty peaks rise above the su^aee of the ocean, 
as at the Azores, the Cape Verde Islands, Ascension, St. Helena and Tristan ^ Cunha. This mighty range is ten times as long as the 
Himalayan chain, and is known to geographers as the Mid-Atlantic Rise. Some people have tried to identify it with the lost continent 
of Atlantis, of whose fame and terrible, if legendary, fate we read in the classics 
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Australia is of course a well-watered country so far as a wide area round its coast is concerned. But there are large tracts of country 
where rain rarely falls, and where there are no rivers or lakes on the surface of the land. Eve^here, however, m Australia there 
to be an adequate supply of water underground, and it is by sinking deep artesian wells that this water is tapped. H'te 
ly of water from an artesian well, which has been sunk so deep that the water is warm and steaming as it comes up to the surface 


seems 
a supply 



Sometimes the underground water in Australia is comparatively near the surface, and the natives dig water-holes in order to get at 
the life-giving fluid. One of these water-holes in the interior is seen in this photograph. It is really Uke a large surface well 
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CHANGING A PLANT FOE INTO A FRIEND 

We have all heard o{ the prickly pear and what a pest it is in some parts of Australia. But the story of this 
plant, so strange in appearance is a real romance of science, and here the interesting record is told, and 

illustrated with striking photographs 


I N the HUn^lxiked and regions of 
America there grows a plant which 
has adapted itself to its nnfavoiir- 
ible surroundings. Ordinary jihiuts 
die in such regions for lack of w,iter, 
hir no matter how far they send tladr 
roots down, their leaves, warmed by the 
hot sunshine, give oh more water than 
they can absorb, and th(‘ result is that 
tliey soon dry up ami die 

'Phe jinekly jiear, liowever, which is 
calletl by botanists ojiuntia, has got 
over the difticulty in a very clevei way. 

It has thickened its sterns very much 
and reduced its leaves to mere spines or 
pri('klcs, and in this way it has enor- 
mously reduced the surface wliidi it 
presents to the sun and air. 

It is only from the surface that water 
is given off by a plant, and .so by reduc- 
ing its surface the prickly pear is able 
to store u]) and save for its t)wn use 
the water it collects. We can quite* 
understand that an ordinary plant 
with many thin, wade leaves presents 
a very great surface to the air. Sir 
Arthur Shipley, the scii'utist. fells us of 
an elm tree which l.»on' 
seven million lt‘aves, 
wliose surfaces adtlcrl 
logefh(‘r amounted to 
about fiv(‘ acres. 

A prickly pear, hy 
thickt'iiing its stems 
and reducing its leaves 
to mere points, makes 
its surlac(‘ about ^oo 
tiiiK's less 1 (»r the 
amount of stuff m it 
than many ordinary 
plants. IvxpeniiKmts 
liave shown tlie effect 
which this has on tlu* 
amount of water whu h 
is lost. One scjuare 
inch of the leaf of an 
ordinary plant, the 
anstolochia, gave off 
5,000 times as much 
water as one square 
inch of a species of 
prickly pi.‘ar. 

Now tile substance of 
the prickly pear makes 
a very goo<l food for prickly pear, 

cattle and other a,ni- 
mals, and the large 
amount of water W'hicli it contains m(*ans 
that it would l>e greatly sought after it 
it did not ill a very ingenious way pro- 
tect itvself from attack. It does this in 
.somewhat tlu? same way that the 
British infantry at Waterloo protected 
themselves from the assaults of the 
French cavalry. They formed them- 


seJvt's into scjuaro.s with their lix(‘d 
bayonets held out before them on all 
sides The < avalry could make no 
impression on such a defence 

vVlu‘n an ox or a r«it or a mouse 
goes up to a prickly pear anxious to 
find food and watc'r, it is in(*t by an 
array ot bayonets or pomtetl spines, 
and it cannot get through this defence, 
so It lets the plant live on m peace. 
Occasionally , a more daring animal 
with a tougher mouth will e.at a prickly 
])ear, ju.st as an ostrich will swallow 
broken glass and rusty nails, or a goat 
will make a meal of old tin cans, but the 
animal suiters tor its temerity and the 
spines generally lacerate its inside and 
kill it. 

Where the jilants grow close together 
the spines arc a great obstacle, to 
travellers, and we know how riders m 
the.se districts keep their feed and the 
upper part of their legs encased in 
thick leather stirru[)s. in order to protect 
them from the spines of the prickly 
pc*ars. An American scientist, Dr. 
Veatch, tells U 8 that once when he was 



showing the spines that protect it from 
animals that would eat it 

journeying through San Felipe Pass his 
horse became instated by the prickles 
ol the plants and began to plunge about 
The traveller was thrown off and 
dragged through the plants until hi.^ 
cUdhes were, in his own words, "literally 
pinned to the flesh from Jiead to foot 
by the barbed, needle-likc prickles." 
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l^p to a tew^ years ago it was impos- 
sible to keep ma.ny cattle m the Ameri- 
can d(*srrt lauds, and this was very 
annoying to cattle owners, for as tlu‘y 
cou 1 (l see there was an abundance ot 
food and water m the prickly jxsirs that 
thrived there' But at the* same time 
this good fare was so hedged around 
with protecting spin<*s as to be* almost 
unavailable’ Of course, when the 
cattle owners took the trouble to burn 
off the spine's the prickly pear could be 
used feu- lood and drink, but to do that 
m any quantity took time and was 
costly. 

What could be done to overcome the 
difficulty ? Well, America produced a 
man who thought a great deal about 
tins. His name' was Luther Burbank, 
and we‘ read about him in another part 
of this book He did the nieist wonder- 
ful things witii jdants, changing their 
characters and creating new kinds of 
flowers and fruits, so that it is not 
without reason that he has been called 
the riant Wizard. 

He eletennined to breed a prickly 
pear which should have 
all !ts useful epialitics 
but be Iree from tlu* 
harmful spines, and he 
succe*('deej It was the 
most dramatic of all 
his triumphs, but it 
took him ten years ol 
hard and patient work. 

He started by select- 
ing plants which had 
fewer or shorter spines 
than usual. He kept 
growing fresh jdants 
from these getting tlu* 
s])ines fewer and 
shorter e:ich time, till 
at last on oiu* great 
day, looking among the 
thousands of plants 
which he liad growing 
in Ills gvoumls, he was 
deh ghttul to find a 
prickly pear eight feet 
liigh, with the usual 
thick, fh'shy stems, and 
not a Singh- thorn iqion 
it. Never had he liad 
s u c h a thrilling 
moment. 

But he could not yet ho sure that 
succ(*ss had Vieen aehieve<l, for the 
plant miglil not breed true. His fears 
weni groundless. The new plants he 
produced from this one all grew without 
spines, and gradually he multiplied 
them, till now tens of thousands of 
acres of dry wilderness in America 


cattle and other 



WONDERS OF ANIMAL AND PLANT LIFE 


have great luscious crops of ricli cattle 
food, whore fornierly iK)thiiig grow that 
was of use to man or beast. 

As someone has suid, Ihjrbank at (uie 
strokt* rid llu* world oi a plant ononiy 
and gave it a new plant Ineiid. Not 
only <loes the sjuneless cactus or prickly 
}X‘ar ]no\ id(‘ abuntiant t(X)(l for cattle, 
but il.s rich lusc ions fruits arc a wclcrmie 
food f(ii man 'Dk* nec^ds no 

rain, and before in. my years have 
passed iinllions of acres Jiiilierto hiuc 
and uninhabited wdll probably be 
supporting vast herds of cattle and 
large popidations of men. 


serve asr tood for the c(x:hincal insect, 
but it was nearly a century before it 
h<‘gan to become a ])est. Now it has 
spread over a large area of Queensland 
and New South Wales, the only two 
statt‘s in which prickly pear is a real 
emnny. 

Like* the rabbit, which has multiplied 
into countless millions from two or 
tlireo anirnal.s that were taken as pets 
to Australia, so the prickly pear in New 
South Wales ha.s multiplied from one 
that was taken to that country in a pot 
becan.se it was regarded as a rare arKl 
interesting plant. I'he prickly pear was 


America to Australia in specially 
constructed cases, and tb<'n they were 
bred for several generation.s in order 
to insure that the moth wdtich lavs the 
eggs should emerge from the pupa stage 
at the right .senson, when the weather 
was favourable for its existence. 

Onr of these in.sects. a moth knowm as 
tht* ('actoblastis cactoriini, has proved 
a splendid ally in the war on the prickly 
pear. The moth lays it eggs in chains 
known as “ egg-sticks," (*ach stick 
containing aliout 73 eggs, and these are 
attached to tlie .spines of the yirickly 
])ear. When tlie caterpillars hatch 



Luther Burbank, the great plant wizard of America, who produced a prickly pear without spines, so that this could be grown in the 
arid regions of North America, and support thousands of cattle in country that had hitherto been desert. The prickly pear in its 
natural state is an excellent food, and contains much water, but its spines kill animals that swallow them 


Alter his great achievement Burbank 
himself .said : 

" T'he population of the globe may be 
doubled, and yet in the immcduite 
food of the cactus plant itself aiul in 
the food animals which may be raisi’d 
upon it, there would still be enougli for 
all " 

Bui in Australia, to which the prickly 
j^ar was taken from America in the 
early years of the nineteenth century, the 
plant has become one of the greatest 
pests that island continent has to contend 
with. There it is among plants what 
the rabbit is among animal {>ests. 

The plant was taken to Australia to 


found to make excellent hedges for keep- 
ing out animals, but it was not foreseen 
that it would spread and spread till it 
covered 35,000 square miles of territory, 
and invaded agricultural land. 

All sort.s of attempts were made to 
fight tlie pest, and slop its onrush into 
fresh territory, but no plan proved 
successful, and in 1920 a Commonwealth 
lYickly Bear Board was instituted to 
study the whole question. It was felt 
that if some insect could be found to 
prey upon the plant, then success might 
attend the great fight, 

A number of insects that lived on the 
prickly pear were taken from North 
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out they bore into the branches or 
" joint.s " and feed on the soft inner 
jicitt, till the supply is oxhau.sted. 
Then they attack a frcish branch. By 
the time the second gfuieration has 
hatched out the cactus is a ruin, and 
how well the in.secLs do their work can 
be seen by a comparison of the two 
photographs on page 875. 

Ilow' necesstirv it was to find some 
insect aid in lighting the prickly pear 
in Australia is provecJ by the fact that 
a few ) cars ago the pest wa.s spreading 
at the rate of 800,000 acres a year 
Already some three million acres once 
densely infested have lieen cleared. 


THE PRICKLY PEAR PEST BEATEN BY ITS ENEMY 



The prickly pear, which is an American cactus, was introduced into Australia early in the nineteenth century as a food plant tor 
cochineal insects. It spread, and by 1870 began to become a gyeat pest in Queensland and New South Wales. It was planted tor hedges, 
but soon covered thousands of square miles of territory, ovettunning rich agricultural and grazing land. Many methods of fighting 
the pest were tried, but these all failed till a little moth, knowitas the cacloblastis, was introduced from America, and this is now helping 
to conquer the prickly pear Notl^ the long, sharp spines on these cactus plants 



The seasons in America and Australia are different, and it took long to adapt the cactoblastis moth so that it should emerge from the 
pupa at the warm season when it could thrive and feed upon the prickly pear. How well it is doing its work can be seen by comparing 
top photograph of a patch of prickly pear and this photograph of the same place after the cactoblastis caterpillars have been at work 
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THE HARDY TWO-HUMPED CAMEL OF ASIA 





Asia» unlike that of Africa and Arabia shown on page 2x9, has two humps and a thick coat of hair. It is known as the 
from a province in the ancient Persian Empire, and lives in cold regions where snow lies on the ground. It is smaller 
relative, has shorter legs, and is more stoutly built. It is able to travel far and carry heavy burdens, and it can travel 
y well over snow and sand. Here we see a caravan of Bactrian camels in the great Gobi Desert of Mongolia 



The Bactrian camel is a more picturesque-looking animal than its Arabian relative. In Spring it loses its hairy coat and becomes 
almost bare, when it is very sensitive to cold and rain, but soon the hair erows again. It is this warm covering that enables the camel 
to brave the severest frost. It seems to enjoy the biting north winds, and will even face these and breathe in the cold air as we breathe 
in the sea air when we are on holiday. When pressed by hunger the Bactrian camel will eat almost anything, including blankets and bones 




ALL THE WORLD PROVIDES YOUR BREAKFAST 
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^ " ~ fo hr#.akfast that the whole world has been at work to provide you with the meal ? In this 

Have you ever ‘*>*“8]'* u-edltbreakfast are shown, together with the places from which they coims. Of courw, 
picture the various foods and ^ oroduce t h - s - particular foods. For instance, wheat may come from Austraha or the 

the countries shown are not the only °??® ^the butter may be produced in England. But what the picture 

Argentine ; sugar may come ^»*XVe wriTirSrkta o“thi world inW that people in Great Britain ^y enjoy 

makes clear is this: that hundred^! their ^wmption. Yet how little people appreciate the possession of so many 

ll^'rief’lf 5;r2^“d rfbr“akf«t.?:Sfe‘S%tnt:^ ;e“s’::?o w. should better realise the great privtiege which is our. to-day 






MAKING THE GREAT DAM ACROSS THE NILE 



This picture>aiagram shows how tha great dam across the Nile at Assouan was built. Before the foundations could be laid the bed 
of the river had to be rendered dry so that the workmen could carry out their task. The Nile is far too mighty a river to have its 
course diverted, so what could be done ? The British engineers were equal to the problem. They built great temporary dams known 
as sudds across the river linking up the shore and the various islands, and then pumped out the water in between till the bed was dry. 
The down-stream sudd was built of stone, the great blocks of rock often weighing as much as four tons. But when the channel was 
almost closed even these blocks were carried away as though they had been corks, and railway trucks loaded with stone and wired 
round had to be hurled into the breach in order to stop up the channel. The up-stream dam was built up of bags of granite sand, dumped 
into the river. Of course a channel was left for the pmage of boats up and down the river, for the Nile, in addition to providing water 
for drinking, washing and irrigation to the whole of Eg^mt, is also the great highway of the country. After the sudds were competed 
the permanent dam was then built up of masonry erected on a foundation of rough stonework, and that was built into the solid rock 
below. Since its completion the dam has been greatly increased in height and strength, adding to the area of irrigatioii 
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HOW A GREAT RIVER DAM IS BUILT 

T^he British are the greatest masters of irrigation engineering in the world, and they have carried out some 
of the most gigantic schemes that the world has ever seen, as for example on the Nile and on the Indus River 
in India. Here we read something about these great irrigation schemes and how they were executed 


I N different parts of the world during 
the last thirty or forty years some 
gigantic irrigcition schemes have 
been carried out, and the most important 
of these have been planned and accom- 
plished by British engineers. 

I'he most recent of these to be pul in 
operation is the harnessing of the Indus 
River at Sukkur in Sind, India There 
a great dam known as the Lloyd Ihir- 
rage has been built across the river for 
a mile, so as to form a vast reservoir of 
water which can be released .1*^ re- 
<]uired for the irrigating 
of millions of acres of 
tiTtilc land that needs 
only the life-giving 
wafer to make it pro- 
duce vast ejuantities of 
food. 

in building this great 
dam 90 million cubic 
feet of earth were exca- 
vated, over 720,000 feet 
of timbei were 

driven into the river 
bed, 12 million cubK 
teet of masonry were 
used, and nearly three 
million cLiliic feed ol 
concndc. 

In addition to this 
work in ronnectiem with 
tlie barrage, llie canals 
carrying the water for 
the irrigation ol the 
land involved th<' exca- 
vation ol 5,700 juilhoii 
cubic feet ol earth. 

A Great Boon 

The total cost of 
this gigaiit ic irri- 
gation scheme was 
/r 5,000,000, but it was 
well woiih it, for it is 
e s t i rn a t e cl that t h e 
cro])s of wheat, nee 
cotton, pulsc^s and so 
on that will Ix^ grown as 
a result of the irrigation 
will amount to more 
than 2i million tons a 
year. 

Still another vast 
irrigation scheme 
designed and carried 
out l)y British engi- 
neers IS that at Assouan 
on the River Nile in Egypt. Here is 
another huge dam a mile and a quarter 
long built acims the river so as to hold 
up the flood waters when they come 
down and prevent them from running 
to waste. This is, of course, only part 
of the irrigation v/orks of the Nile. 


There an? other barrages, as at Esneh, 
Assiut, and in the della of the river. 

Thi.s hanu‘s.sing of the Nile is one of 
the greatest triumphs in llie history of 
engineering. 

It might be wondered how when a 
great river is rii.slung away to the .sea, 
a massive stone dam can be built 
right across its course, and the founda- 
tions laid so firmly that it can stand 
against the fon i of the water even in 
flood time. 

Idle method is to build what are 


known as sudds or temporary dams 
across the river, and then to pump out 
the water between tJicse so that work- 
men can excavate and build the foun- 
dations and the superstructure of the 
dam. 

This was done in the case of the 
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Nile, the sudds being constructed be- 
tween the shore and various islands in 
rivtT. Th<' down-stream sudd was 
first built, the material being tipped into 
the stri'am over the end of the sudd as 
it advanced. 

WIk'U the dow n stream sudd had b€*en 
( ompleted an up-sfream sudd was con- 
structed. This was made of bags of 
granite sand. Then th(‘ water between 
the sudds waA punipt‘d out, and work 
coulfl begin. 

Gra^luallv the permanent dam was 
built u}), and the great 
sluice-gates, which had 
to re.sist a pressure of 
300 tons, and yet lx* 
cMpable of being raised 
or lowered by hand, 
were placed in positirin. 

'riie great dam was 
completed in mo 2, but 
it has since had to tx' 
greatly increased in 
height, so as to hold up 
more water. Never was 
there such a successful 
irrigation scheme. A 
channel is left open for 
the passage of boats, 
the lock gates being 
w o 1 k e d by hydraulic 
powTf. 

Building a Dam 

In the case of the 
Sukkur barrage cotfer- 
daius w'ere sunk round 
each year'.**' area of 
operations. Then 
stakes were driven into 
the river bed, a bank of 
sand was deposited by 
(Iretlgt'r.s to a little 
*ibove the water lcv<'l 
and t h (' water was 
pumped out of the area, 
so that w’ork could then 
go on. The next year 
another area was simi- 
larly enclosed, till at 
last the whole dam had 
been built. 

It is curious that in 
canying out this great 
irrigation scheme lioth 
ancient and modern 
methods of excavation 
were adopted. There 
wx-irc 46 digging machines which re- 
moved earth at the rate of 74 tons 
a minute, while in another part the 
old-fashioned method was followed of 
scraping away the earth by driving 
bullocks. The two methods repre* 
seated the old and the new India 



A .section of the great Assouan dam on the Nile, showing a sluice and sluice 
gate. The gate, despite the enormous pressure against it, can be raised or 
lowered by hand. It works on rollers to reduce friction 







In the old days the coaling of a locomotive was a work which involved a good deal of labour and time, but wonderful improvements 
have been made in recent years, and nowadays a locomotive can be coaled by machinery in a moment or two. In this picture we see 
a type of coaling plant used in various parts of Great Britain. It consists of a tower with a platform below on which a truck of coal 
can be run. Then, by turning a switch the platform with the truck is carried up an incline to an opening at the top, where platform 
and truck are tilted and the coal shot into a bin. The truck is then sent down the incline again. When a locomotive is to be coaled 
it is run under the tower, and the touching of a switch fills the tender in a moment or two. The coaling tower in this picture is at 
Toton, on the Midland Region of British Railways. On the left the loaded coal truck can be seen going up, and on the right it is being 
tilted and the coal emptied out, while a locomotive beneath is being supplied with coal 



Here is another fonn of coaling plant on the Midland Region of British Railways, by whose courtesy the photographs on this page are 
given* It is at Wellingborough, in Northamptonshire. The wagon is run on to a tipper, and turned over so that the coal can fall out 
into a bin* Then an endless chain carries it up to a tower, from which it can be shot into the tender of a locomotive 
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HOW A SHIP GOES UP AND DOWN STAIRS 


mm 














m: 








>? 


In many of our rirers and canals there is a great difference in level between the upper and lower reaches, and it is by means of locks 
that boats are able to go up or down between the different levels The pictures on this pa^e show how the locks are operated. Here 
a boat is entering the lock from the lower level of the river, one pair of gates being opened to let it pass through 
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le Mgher level, the upper gates are then opened and the boat can pass out. 
the same on both sides pressure is equalised* In small rivers and canals 
hoie of the Panama Canal they have to be operated by mechanical power 


In some rivers and canals the gradient is very great, and ships go up and downsUirs by a succession of locks, as shoi^ lyre in section. 
Th* lock is reiOly a wry great ioTeation, and poyibl e a wateromy. between two 

difficult country as the ftamius of Panama. The world’s biggest 1 ^ i* that op^ ta ipaS betwew tlw NorOi ^ and An^rdm 
^ r-.T..! »t Ymuiden. It is 1,312 feet long and 164 feet wide and is thus capable of accommodating the world’s largest steamsh^ 
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ROLLING OUT A WHITE-HOT INGOT OF STEEL 



Steel of the best kind is an exceedingly hard metal. If it were not so we should not be able to make of steel the wonderful machines 
that we do, which will go on working for years often without signs of wear. Yet when steel is white-hot it is in a plastic state, and 
can be rolled out just as a housewife rolls out dough on the pastry-board with a rolling-pin. Here we sec a white-hot steel ingot passing 
through the rollers in one of the great mills of the United Steel Company at Sheffield 



The white-hot steel is rolled backwards and forwards until it is thinned out into long lengths. Here a snaka-like length of steel is 
being transferred from one set of rollers to another for still further reduction. The workers who do this become very skUled, as is, of 
course, very necessary. These lengths of hot metal have to be handled with great care and discretion or serious accident would result 
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Wonders oF Land & Water 



STRANGE FACTS ABOUT YOUR WEIGHT 


You may not know that your weight varies according to the place where you are weighed. For instance, 
if you weighed seven stones in London, you would weigh more in Greenland and less in Uganda. You 
would also weigh less on top of Mount Everest than in the plains of India, and you would weigh less at the 
bottom of a mine than at the surface. Why this should be so is explained below 


M en of science tell us that the ICarth 
on which we live weighs nc'arly 
six thousand million million 
million tons, and on pages 74 to 77 of 
this book we read of the clever ways in 
which they have weiglied the liarth 
But instead of speaking of the Earth's 
weight " the scientists call it “ mass." 
What is the difference between tliese 
two expressions ? Well, mass is tlic 
amount of material in a body, whereas 
weight is the aincmnt 
of pull that the Earth 
exerts on that body. 

Of course we measure 
mass by weight. For 
instance, if the Earth's 
attraction or pull on a 
body is equal to one 
pound, we say that 
tliere is one pound of 
matter in that body. 

Wt^ must rcmcml.)er 
this distinction 
between mass and 
weight, for while 
the mass of a body 
remains the same 
wherever it may be, 
th<* weight varitis. 

Suppose, ior in- 
stance, a big man were 
weighed in London and 
found to be 16 stones. 

If lie w^ere suddenly 
transported to the 
surface of the planet 
J iqjiter he would 
weigh 39 stones 9 
pounds. His weight 
would have been more 
than doubled, but of 
course his mass, that is, 
the amount of material 
in his b.-idy, would 
remain the same. 

But we need not go 
to Jupiter to hud a 
change in weight. 

Anything weiglied on 
the Equator would 
weigh less than it 
would ill l.«ondon, and 
anything weighed in 
I ^ndon would weigh 
less at the North Pole, for at the 
Earth's surface or above it the nearer 
we get to the centre of the Earth the 
greater is the pull, and therefore the 
greater the weight. Seeing that the 
Earth is not a perfect ball, but is 
flattened by the Poles, it is clear that 
a.s we go nearer to the Poles we are at 
a less distance from the centre of the 


E.arth Ilian we are as we go nearer to 
the Equator. 

It is ccpially true that at the top of 
Mount Everest we should weigh less 
than we do on the plains bekw, for on 
the muiiiitain top we should be farther 
irom the f^arth's centre, and the fmll of 
gravity would be less than when we 
stood on the lowlands. 

This being so it might be supposed 
that wlicn \vc went down a deep mine 


we should weigh still more there than 
when we stood on the surface of the 
ground. But this is not the case. We 
should weigh less when in the mine, as 
a new factor comes into play. 

Although we should be nearer the 
centre of the Earth, the size of the 
spliere below our feet who.se gravitation 
acted at the Earth's centre would be 


smaller than when we were at the sur* 
face, ami so its pull would be less. The 
attraction of the particles in- the Earth's 
crust above us, too, would result in a 
certain balancing of forces. If wc could 
travel to tlie liart.h’s centre the forces 
would be so balanced that we should 
have no weight at all. 

When wc are walking in tlie fields or 
across a common, or even in the street 
of a city, the ground seems very still. 

It is impossible for us 
to realise that this 
ground is whirling 
round at a rate far 
greater than that of a 
jet-propelled aeroplane 
like the Comet 

Of course the rate 
at which the ground 
whirls round v'aries 
according to the part 
of the world on which 
we are standing. At 
the iMpiator the ICarth 
rushes round at over a 
thousand miles an 
hour, or 1,525 feet 
every second. As we 
get neater the Pole.s 
the speed, of course, 
gets less. 

Now why, with the 
Earth whirling loiiml 
in this way, are we not 
all thrown oil its sur- 
face into space ^ We 
see in another part of 
this book (pag(‘s 61 to 
64) that the power of 
centrifugal force is 
very great. If we spin 
a flat horizontal top. 
lor instance, and tlu*n 
drop grains of sand on 
to it, they are immedi- 
ately whirle 1 oft. Ytit 
wo are not wliirled off 
as the TCarth rushes 
round. Well, the rciison 
is that the powt^r of 
gravitation, that is, the 
pull of the Earth, holds 
us to it. 

It isgravitationthat 
keeps and the atmosphere from 
tieiiig thrown off into space ; it is 
gravitation that gives weight to every 
material substance and body, and it is 
gravitation that enables us to measure 
easily and quickly the amount of 
matter in a body. 

But centrifugal force tends to over- 
come the power of gravitation, and at 



A man weighing 192 pounds at the North Pole would weigh only 191 pounds at 
the Equator The difference is due to the fact that at the Equator he is farther 
from the Earth's centre, where gravitation, or the Earth’s pull, is acting, 
and partially to centrifugal force, owing to the increased speed of the Earth at 
the Equator, counteracting gravitation. Weights and scales are shown in the 
drawing, but for practical demonstration a spring balance would be used, as 
the difference in the pull of the Earth aflects weight and men equally. 
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VirONDERS OF LAND AND VHTATER 


rue Equator, wliere the centrifugal 
force is greatest, its results are moH 
marked. It diminishes the weight of a 
h(Kiy as compared with its weight at 
the f*oles hy one 28«)th, The, loss of 
weight oi a body at tile ICquator owing 
ti) its gn‘atcr distaiuaj from the centre 
of the Earth is on(' •)68th. Tlierefore 
the total loss ot w'eight at the Equator 
compared with the Poles, owing to the 
dittercuce tn distance from the Earth’s 
centre and the dillerencc in centrifugal 
force owing to greater s}>X'd, is one 
508th plus one 280th, which is equal to 
one igind. In other words, a body 
that weighed 102 pounds at the Poles 
would weigh only iqi pounds at the 
Equator. 

( )f course, gravitation is not confined 
to the Earth. The Sun's gravitation 
keeps th<* planets circling in their 
orbits ; the gravitation or pull of 
Jupiter keeps hi.s moons circling round 
him, just as the Earth's gravitation 
keeps our Moon in its course ; Saturn’s 
gravitation keeps his rings in position 
and prevents them from breaking up 
and rushing away into space. 


Mr. H. G. Wells once wrote a story 
about a nicui who overcame the power 
of gravitation and as a result floated 
up tt) the ceiling. He could not get clown 
to tlui floi)r again until a bright idea 
struck him. He had recently bought a 
large encyclopedia consisting of many 
volumes, and tbe.se were piled up one 
upon another. Seizing two of the 
volumes he was enabled to bring him- 
self down to the floor safely, because 
the power of gravitation, which he 
him.self had overcome, still worked in 
the case of the heavy books. 

1 1 was a fantastic and amusing story, 
and no doubt there would be certain 
advantages if men could overcome the 
power of gravitaiioii in some cases. 
Hut, of course, it would also have great 
disadvantagtjs. 

For instance, when wc were sitting 
at our breakffist, if in some wonderful 
way the jiower of gravitation could be 
removed from the plates and cups and 
saucers and other things on the table 
these would suddenly be whirled away 
by the power of centrifugal force. 

If a mass of lead or any other sub- 


stance which weighs a pound at the 
l^quator he taken towards the Poles 
it weighs more, but the weight which we 
put into the other pan of the scale also 
weighs more, and so the beam of the 
scale remains horizontal. 

How, then, can we tell that the mass 
of lead weighs more near the Pole ? 
Well, we us<j a different kind of weighing 
machine. Instead of an ordinary pair 
of scales in which the object to l>e 
weighed is put in one pan and the 
weight in the other, we use a spring 
balance, in which the weight is deter- 
mined by the pull on the spring ; that 
is, the Earth's attraction pulls the 
object being weighed, so the object 
pulls the spring and the weight is 
recorded on a dial. 

It is clear from this that the ordinary 
scales in which both the object weighed 
and the weights would change accord- 
ing to the part of the Earth in which 
they were used, is really a machine 
for measuring mass and not weight, 
whereas the spring balance measures 
the weight, or gravitational pull, and 
not the mass of a body. 


THE MYSTERY OF THE WILL-O’-THE-WISP 


W E often hear and read of the 
M'ill-o’-the-Wisp which Milton 
refers to as “a wandering fire 
hovering and blazing with delusive 
light,*' which 

Mlslead» th’ amazed night wanderer from 
his way 

To bogs and mires, and oft through pond 
and pool 

This queer phenomenon has many 
other popular names, such as Jack-o - 
I.^in thorn and Ignis Fatuus, 
which men ns '* foolish fire." 

Many circumstantial stories are 
told alK)ut the dancing light in 
marshy distTicts which the 
traveller sees in the distance, 
and trying to follow it, is lured 
to his death in the swamp. 

Scientists have written 
learnedly about the Will-o’- 
the-Wisp, declaring that it is 
caused by burning marsh gas 
or another gas known as phos- 
])hurott6d hydrogen. Against 
this explanation 1$ the fact that 
these gases do not catch light 
of themselves, and in any case 
the flame could not dance 
about as it is said to do. 

The latest science explains 
the Will-o'-the-Wis]> by saying 
that it is pure imagiiuition, and 
has no real existence outside 
the mind of the one who is 
supposed to see it. 

Professor Nathaniel Shader 
has made a close study of fixe 
supposed phenomenon fuid the 
stones about it, and he says, 

" Looking fixedly into any 
darkness, such as is afforded 
by the depths of a wood, 
the eye is apt to imagine the 


apjKjarance of faint lights. Those who 
have had to do with* outpost duty in 
an army know how the anxious sentry, 
particularly if he is new to the soldier's 
trade, will often imagine that he sees 
lights before him. These facts make it 
seem probable that the Jack-o*-Lant- 
hom and his companion the Will- 
o'-tho-Wisp are stories of the over- 
credulous." 

Dr. Shaler points out that the ex- 
planation generally given about a self- 


inflamed gas is not based on fact , for a 
gas of any kind would disperse itself 
in air. Jt could not dance about as 
these lights are said to do, and there is 
no chemical means known whereby it 
could be produced in suiheient purity 
and quantity from the earth to yield 
the enects which arc described. 

The descriptions of the Will-o’-the- 
Wisp that have been given vary so much 
that it is quite likely the cause of the 
apparition has been different in different 
case.s. Sometimes, no doubt, 
it has Ijeeii pure imagination, 
sometimes there has probably 
been an electrical appearance, 
wliile at other times it is quite 
likely that the dancing light has 
been that of a real Ian tern carried 
by someone in the distance, who 
disappeared before the traveller 
could come xxp with him. 

The picturesque description of 
the Will-o’ -the Wisp often given, 
while suggesting the good faith 
of the narrator, is indicative of 
an imaginative rather than a 
.scientific mind. Many people 
still believe in this phenomenon 
as they did in Shakespeare’s 
time. That poet refers to it in 
** The Tempest " when he makes 
Stephano, after Ariel hjLs led him 
and his companions through 
** tooth’d briers, sharp furzes, 
pricking goss and thorns,” say : 
'' Monster, your fairy, which you 
say is a harmlejjs fairy, has done 
little better than played the 
Jack with us ” 

The Will-o’-the-Wisp said to 
iuive been seen at sea playing 
round the masts of ships is, 
of course, St, Elmo's fire, 
described on page 108. 



The supposed lights that lure the night traveller 
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THE WATERS OF NIAGARA ABOVE AND BELOW 



Here is a wonderful cloud effect photographed at Niagara Falls. Above in the sky we see masses of clouds which will soon pour down 
their rain upon the earth to sink through the ground and flow into the river. Later on the water will rush down its course and pour over 
the precipice as we see it doing in the lower part of the photograph. We see on page 255 the continual circulation of water that takes 
idace to keep the Falls going. Over 670,000 tons of water are poured 6ver the Falls every minute of the night and day. Originally 
the Falls stood at Queenston, some miles lower down the river, but gradually the water has worn away the rock and it is still doing so 
at an average of about a foot a year. The ravine between the present Falls and Queenston must have taken 30,000 years to excavate 
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THE CIRRO-STRATUS CLOUDS THAT CAUSE HALOES 



which o„ 

forms. Of course, one variety merges mto another “"d m the old clouds. Here we sei the Cirrus 

Now, however, scientists have *8^®*'* *“ .f ^ or veil of cfoud which gives the whole sky a milky ap pearance 

clouds merging into a type known as Cirro-straius, a xmn, 





it hw a"fibrous^stnictu^^^^^ looks more 
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VARYING CLOUD FORMS AT DIFFERENT HEIGHTS 
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On the left we see Cirro-cumulus clouds 7 n' heigh” fro^nf7''ooo°Let7o’3XOT^^^ but*thTh*’mean height is 20,000 feet, 

are arranged in groups and often m Imes. They range m he.^rt rom 7.00^^^^^^ height between J.Voo feet and 

They form the well-known mackerel sky On ,orra of white or greyish balls of dense fleecy ebud, with shaded 

27,000 feet, W l"es. "otL^^StrmL'ses are so crowdeUgether that the cloudlets torn 










r/ but'it do« not'producl°h^l^!'*‘ Alto-»tratos 

lighter near the Sun. Sun and Moon are «>*»“ ‘'TTdm be di^nguishid from Cirro-stratus by its greyness. When 
“’iS?o.rt?L*ldSuditrJ^’ «?'A*^nera? i^’lenticuhi- or bean-shaped patches. They appear most often m early mormng 



A MOUNTAIN-LIKE MASS OF STORM CLOUD 







A.: 

} 



Here we see the Cumulo-nimbus cloud, which is the thunder cloud. U consists of heavy masses nsii^ into the sky and looking like a 
mo^n^r tower Sometimes it has the form of an anvil The Cumulo-nimbus cloud is of ««t depth. The bottom is sometime 
no more than 600 feet above the ground, but at other times it may be 8,000 feet up. The top of the same cloud would be at its lowest 
16,000 feet, and at its highest 72,000 feet up. It is generally in the form of a detached cloud covering a large area 



Here we see 

ma»A aeAWArfMnt fhi 


Strato-cumulus clouds, which take the form of large lumw masses or rolls of duU grey 

i great grey layer broken up Into irregular masses. It can be distinguished from 

It does not generally bring rain. The mean height is about 7,000 feet 


the Nimbus cloud by Its lumpy appearance. 
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ROCKY PILLARS SCULPTURED BY NATURE 



AmeHca. In t*** to be known as the Totem Pole because ol its fancied r^mblanw to 
*way, leaving only Misd^ed^ of l^d ^t wnwn n^ora ^ 

th«Tot«m Poles of the Red Indians, ims rocay pu a Naoes Needle, a pinnacle ninety feet high with a loose rocking 

sculptoed by olTble The is often cUmbed. and her7we see some daring people who 

‘^w^hiih mountain regions the changes of temperature of the rock we very considerable, and also very 
hare reached ^ S is* hat the rock i? broken up. Much of it then falls, leavmg these isolated pmnacles 
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1,600-TON SHOVEL THAT DIGS ITS 
OWN WEIGHT IN AN HOUR 


T iiHiii: iirr two \\\\ys of tint 

inabjics of oarlh oi of 
trcMirhiN in the ^i|^round. The old^ 
Inshioncd and Jiaid w.iv is to eTn]>lov 
^anjj;s ot nu'n with puks and shovels 
\\l)o will sp('nd many days moving only 
a few hundred tons of soil. 

Nowadays wlien laif't' (juantiiies of 
earth have to be moved, contraetors 
use various kinds of meiJianii’al eveava- 
tors to do the 


shire is the bif^f^est walkinj^ draji^line in 
Liie world. 'I'Ik' task of building tins 
huK^* excavator bejjfan in i<)47 and Die 
stripjunK away of the overluirden was 
begun in 1050. 

Designed and built by the British 
engineering firm of Ransomes and 
Rapiei . the Corby walking dragline 
weighs i.hoo tons and it has a tubular 
steel jib feet long. Jii its working 
position the head of the jib is 175 feet 


Th(‘ scoop ran be lowered to dig out 
from a depth of 100 h*et and empty its 
load i()o feet away. 

Imagine how man>' men with picks, 
.shovels and wheebbarrows would be 
needed to dig 1,600 torts of earth and 
stones from a hoh‘ too feet deep and then 
move the load to a distance of 2(>o feet ; 
and they would have only an hour in 
which to do the work. 

Not only does thii Corby excavator 



the Yorkshire coast. It has been esti- 
mated that this great deposit contains 
3,500.000,000 tons of ore, and in 
Northamptonshire, where it is only 
about 75 feet below the surface, it is 
obtaineti by open -cast mining. 

Busy stripping off overburden from 
the iron ore at Corby in Northampton - 


raised. 

h'illing the sccKip, swinging it on the 
jib to the discharging point, emptying 
it, and returning the scoop to the 
digging position, takes one minute. 
The excavator is able, therefore, to 
dig and dump its own w'cight, 1,600 
tons of overburden, every working hour. 


station .some distance away. 

One man seated in a comfortable 
control cabin carries out all the 
operation.s of digging, lifting, and empty- 
ing and walking the machine forward, 
merely by moving half a dozen levers 
and switches controlling the machine's 
14 motors totalling 3,150 h.p. 
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Marvels of Chemistry&Physics 



WHAT IS CANDLE POWER? 

The phrase “ candle-power is constantly used in connection with lighting, and a lamp is de*scrihed as 
being equal to so much candle-power. What exactly does the term mean ? Here is an account of this and 
other standards by which the intensity of light is measured 


T he inten.sity a liglit, whe'tlicr 
it be natural light such as that 
of the Sun, or artificial light 
such as tliat of a lighthouse or search- 
light, is generally reckoned in candle-- 
power. Now what is candle -pc umt ? 

It is a unit of illuniination, and con^ 
sists of thc^ light of a spermaceti candle* 
burning at the rate of i lo grains of 
spernuiceti an hour Sjierniac'eti is a 
tatty substance found in the 
head of the sperm wliale, and 
known as ‘'head matter.” 

In the old days, when all 
kinds of artificial lights 
were feeble, such a .standard 
<.»f measurement did very 
well, but to-day, when we 
have are lamps and search- 
lights and limelight and 
incandescent gas mantles 
and gas-filled filament lanq^s 
and gas dcscharge lamps 
with powerful retlectois to 
concentrate the light, such 
a .standiird as the liglit rtf 
an c)ld-fashi()iK‘d candle tcj 
test them by .seems loolish 
Of cour.se, it is all right 
to describe a domestic 
electric light as 40 or 60 or 
.!oo candle power, but when 
we come to ])()vverful search- 
lights we run into millions, 
and the figures have little 
meaning for ns. A .seaich- 
liglit to guide aeroplanes at 
('harlottesville, in Virginia, 
winch can be .seen 250 miles 
away, is of 1,380,000,000 
candlc-jiowcr. 

Such figures give us no 
more idea of the brightness 
of these powerful lights than 
it we .said they were ” x ” 
candle-jxnvcr. 

When wc come to tlie Sun's 
light, <jt course the figures 
get far more enormous. Pro- 
fes.sor ('harles A. \'oung. a 
distinguished astroiu mier, 
tells us that the total candle- 
[lower of the Sun is 1.575 
million million million million, or 1,575 
followed by 24 noughts. Such figures 
are, of course, as incoinj[>rehensibl(- to 
our minds as the distances of the re- 
motest stars and nebula*. 

The French have adopted another 
standard for measuring the intensity 
of illuminating pow^r. It is called the 
carcel, and is equal to the light of 


ol standard candles 'flu* word is 
taken irom the name given to a 
particular kind of lamp. In 1884 an 
InteriMtuuial ('ongross of Electricians 
adopted still another itinl It is the 
hgiit givx'ti ciUt by a stpiare centiineto* 
ol molten platinum at the temperature 
when the nw'tal beconie.s .solid. This 
unit IS eijual to i()*8 caiulles, or 2-08 
larcels It eai to be knowai as the 


platimim .standard, but in the following 
year another standard \vas ado[)tcd 
which con.sistcd of one-tweiiticlh ()f 
this platinum unit. 

In 1050 a new .standard of candle- 
power was introduced ba.sed on a tube 
of thoria immersed in juire platinum. 
When the platinum is at its melting 
])oint, 1,773 degices centigrade, the in- 
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tensity ol tin* light from the end ol tla* 
tube IS 58-() international candles, or 
()o " new eandk's ” ])cr centimetre. 

Tins new unit of candle-power is called 
the candt‘Ila 

It must lx* reincmbeictl that the 
intensity ol sunlight, that is, the in- 
trinsic brightness of the Sun’s surface. 
IS i]uite a difleri'iit niattcT from tlie 
total (jiiantity ol llu* Sun'.s light cx 
jiresscd in earn lie- [>ower. 

f^>y tlie intt*nsit\' of sun 
light men of science mean 
the amount of light per 
si[uare unit of liinnnoiis snr 
lace. .Xccordiiig to careful' 
caieuJations made by astro 
noniers, the Sun's snrlace is 
about 0)0,000 liiui‘.s as bi iglit 
as that of a candle flame, and 
about 150 tunes as Laiglit as 
the lime of a cakaum light. 
The artificial light which 
(omes nearest to sunlight in 
intensity is the brightest part 
of an t'iectnc arc .stuck be- 
tween carbon eleciro<les. 
riie light is from one-hall to 
one-(]iia,rtcr as biiglit as 
the solar siirlacc. 

When wc come to think 
of the tr»tal amount of light 
giv'en out bv the Sun, the 
figures are, ol course, much 
more slagge*nng. Seienlists 
calculate that if there wttc 
an elee.tijc light of 2,000 
candle-] >ower on each square 
loot of the .surface of the 
Earth, the wdiolc ([uantity of 
light from the Earth would 
b(' less than one thouSiind 
millionth of that emitted 
from the Sun. 

It IS interesting to re- 
member that in the case 
of light lion ses, tht* beams 
ot which in rectnt years 
have been cnorinonsly nr 
erea.sed m mteinitv. howevei 
bngiit the light is, tliere is 
a limit to its carrying power. 
'I'here is one paiiiculai 
lighthou.se which has a beam equal to 
fifty million candle-power and is seen in 
clear weather at a di.stance of 22 miles, 
but it cannot be distinguished at a 
greater distance, owning to the curva- 
ture of the liartii. The fla.shes of 
light, however, illuminating the clouds, 
overhead may be picked up 40 or 50 
miles away* 



Candle-power, which is the standard generally employed for 
measuring the intensity of light, is the illuminating power of a 
spermaceti candle seven-eighths of an inch in diameter, burning 
120 grains of fat in an hour. 




WHY WE CANNOT KEEP OUT THE COLD 

In the old days, although heat came into everyday lite and was used ^or warming and cooking, nothing was 
known about its true nature. Men thought that it was a kind of fluid which entered into substances tfnd 
made them hot But it was not till the nineteenth century that its true nature was known. Heat is really 
a form of energy due to the motion of the molecules or small particles of which a substance is made up. On 
this page we read many interesting facts about heat 


N o mattei tmw warm our clothes 
may Ix' it is quite impossible 
for ns to keep out the cold 
'I’herc is a very good reason foi this. 
Tt is that there is no such thing as cold 
Jfcat is real enough, and we can in- 
crease the quantity of heat in our bodies 
or in anything else. But we can never 
increase the (quantity of cold, because 
there is no cold. 

Now this may srjem nonsense, but it 
is perfectly true Cold is merely the 
absence of heat and the more heat we 
extract iroin a body the less heat it 
retains, and we say it is colder. 

’\\"hcn we wear warm flannel gar- 
ments in the winter, it is not to keep 
the cold out but to keep the heat in. 
Our bodies generate a certain amount 
ol heat and if we wear garments made 
of cot ton which is a good conductor of 
heat, the heat passes off into the air 
an<l we naturally feel cold 


Ignorance. It a thing happened to be 
hot men used to think it was in tliat 
condit ion because there was a substance 
known as caloric, or heat in it, and if 
it was cold they thought it was in that 
.state l>ecausc another substance which 
they called frigoric was in it 

Heat Is Really Energy 

Ol course, we now know that neither 
statement is true. Not only dotis cold 
not exist, but even heat i.s not a sub- 
stance It is really a motion or activity 
of the particles of which a body is 
made up. 

It is .said that men catch cold more 
often than women, and the experiences 
of those who work in offices and 
factories and shops are suggestive tliat 
this is actually the case. The scientific 
explanation is that men catch cold 
more easily because they wear far too 


much clothing, and not only too much, 
but clothing of the wrong kind. 

That we do not save ourselves from 
colds by piling clothes on our bodies is 
undoubtedly a fact. Scientific travellers 
tell us that the people in Tierra del 
Fuego rarely catch cold, although in a 
very inhospitable climate, with sleet 
and snow in winter, they go about 
almost naked. The chief protection of 
the women is their long hair, and the 
men's chief garment is a small piece of 
otter skin placed across the chest and 
shifted from left to right according to 
the direction in which the icy wind is 
blowing. It is a striking contrast to 
the clothing worn by a man in 
England. 

Dr. 1^'onard Hill tells us of a curate 
who, oven in mild winters, was always 
complaining how much he felt the cold. 
Dr Hill describes his clothing thus : 

'* He wore a thick llama 


because wc have lost some 
of our heat. 

But if we wear woollen 
clothes, wool, being a bad 
conductor of heat, dexis not 
allow the heat to pass from 
our body and so wc retain it 
and feel warm. We some- 
times see a van load of ice 
going through the streets on 
a summer flay, and the ice 
is covered with a thick 
woollen blanket Why is 
this ^ NVcIl, if wool Ixung a 
bad conductoi of heal will 
not allow the heat to pass 
out. it will also not allow 
the heat to pass in. 

A Blanket for the Ice 

As the van of ice goes 
through the street and the 
warm rays of the Sun fall 
on the van. if there were no 
woollen cover the heat would 
melt the ice, but by covering 
the ice with a thick woollen 
blanket the Sun's rays can- 
not pass through to the ice 
and so it is kept in the solid 
state That is why it is not 
altogether an unwise thing 
to wear thin woollen gar- 
ments on very hot days, for 
often these will keep us 
cooler than would thin 
cotton garment.s. The Sun's 
rays find it more difficult to 
get through the wool than 
through the cotton to our 
bodies. 

Jack Frost is not a real 
person at all, and when we 
talk about wearing thicker 
clothes to " keep out the 
cold " we are only using the 
language of the ages of 



Arctic explorers, who travel mto regions where the temperature is 
often many degrees below cero, wear fur garments, because the fur 
is a bad conductor of heat, and so the heat generated by their bodies 
is retained inside their clothes, instead of passii^ through the material 
into the atr. This picture shows Sir Hubert Wilkins, the famous polar 
explorer, wearing clothing made of camel's hair, which is a particu- 
larly bad conductor of beat and therefore keeps the wearer very warm 


wool vest, a thick woollen 
shirt, a wool-lined wai.si- 
coat, a cardigan jacket with 
long sleeves, a tweed suit 
and a wool-lined motor 
overcoat." This is a con- 
trast not only to the cloth- 
ing of the Tierra del 
Fuegians, but also to that 
of the average woman or girl 
in England to-day. 

It must be rememliered 
that our skins form an ex- 
cellent heat -regulating de- 
vice for our lK)clies, and if 
we cover them up t(x) 
heavily with clothing, which 
prevents the proper venti- 
lation of the body, the skin 
is unable to act proix^rly, 
and our health is impaired. 

Exhausting the Skin 

A great deal of clothing 
such as that woni by the 
gentleman referred to above 
sets up excessive perspira- 
tion, and exhausts the skin 
by keeping it artificially too 
busy. Our garments should 
never t'w too closely woven 
for the warmth of the cloth 
depends le.ss upon its thick- 
ness than upon the air in the 
pores of the material. 

It is only when we want 
to protect ourselve.s against 
veiy strong and cold wind.s 
or against rain that we 
ought to put on garments 
that do not allow air or 
moisture to get through. 
If we constantly wear un- 
duly heav)r and badly venti- 
lated clothing our skin may 
become permanently a less 
useful h^t-regulator, 
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HOW SUN AND THE BLANKET KEEP US WARM 



These children, like those shown in the upper photograph, are also keeping warm, and they are doing so not by sitting in the Sun, but 
by being wrapped up in blankets. We often speak of warm blankets, but a blanket is not warm in the same sense as the Sun or a fire 
or a hot*water bottle. A blanket would never make anything that was really cold warm. We put a blanket on our bed to keep u& 
warm, but a blanket is put over a cartload of ice to keep it cold. What is the explanation ? Well, wool, of which a blanket is made, 
it a b!sd conductor of heat, that is, it will not let heat easily pass through it. When, therefore, we cover ourselves with a blanket, 
what the blanket does is to keep in our bodily heat and prevent it from escaping. When put over the ice it keeps out the Sun's heat 





EXPERIMENTS 

T HiiKh :irt‘ 1 laiiy simple eKperimenIs 
wlijch ill l>i‘ earned out to 
illustrate tlie reality of the 
pressure of th(’ atinospliere Ta]<e an 
ordinary fmiiiel ruid fiver the narrow 
neck stieteli a pu‘ce of rubber tubing 
with the other f‘nd over a glass tuVie. 
Now fill the funnel with w^ater and 
hold uj) funnel and tube, as shown in 
till* first picture When the glass tube 
is higher than the funnel no water will 
show in it, but if it is lowerefi the 
water w'ill appear. When lowered 
below the fiinneh the water at oiko 
s])urts out. This is due to the air 
]>ressing on the surface of the water in 



Water finding its own level and (right) 
air supporting a tube of water 


the fumu;! iind pushing the licpiid 
clown till it reaches the same level in 
the narrow tube As we read on page 
185, the pressure on the water in a 
lube one inch in dianuitor is conveyed 
tf) every square inch of the water in a 
larger tube. 

AnotluT experiment illustrating air 



A home-made siphon 


pressure is shown in the second picture. 
We fill a glass tube with water by 
putting it under the water in a basin. 
Then, stopping up one end with our 
finger, we take it out and hold it 
as shown, with the open end of tlic 
tube below. As long as we keep our 
finger tightly pressed on the other end 
the water will not rim out of the tube, 
for the pressure of the air underneath 
supports it. 

The scientific principle of the siphon 
has b^en dcvscribed on page 598, and 


ILLUSTRATING 

we can c‘xperi merit with a siphon at 
home by tuking a length of rubber 
tubing and placing it in the bottom of 
a pan of water so that it becomes filled 
with liquid Then, while letting one 



The penholder supported by aii -pressure 


end remain under the water and 
pinching the other end so that no water 
may escape, we lift it out and hang it 
over the side of the pan so that the (*nd 
is Icjwer than the pan. At once the 
water will run out, as explained on 
page 50H. 

Here is another expc;riment illus- 
trating air pressure. A tube or hollow 
penholder closed at one end lias the air 
drawn out of it by th mouth, and will 
then remain suspended to the* lip 
provideil the flesh closes the mouth of 
the tube completely. It is tlu? prOvSSure 
of the air outside all round that 
.supports the lube 

When we draw up lemonade from a 
glass through a straw we are really 
doing an experiment ilhcstrating air 
pressure, for it is because w'(‘ exhaust 



Sucking up a liquid through a straw 
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AIR-PRESSURE 

the air from the straw making a 
vacuum inside that the pressure of the 
air on the lemonade in the glass drives 
it up into the straw. 

When we use an ordinary glass 
syringe, such as is found in most homes 
we are performing a similar experi- 
ment, When we put the nozzle under 
water and draw up the plunger a 
vacuum is left in the tul>e and the air 
pressure drives the water up. 

Take a jug of water anti a bottle of 
water and pour the liquid out. The 
water flows freely from the jug, but 
from the bottle it gurgles as it comes 
out. The jug having a wide mouth 



Water driven up into the syringe by the 
pressure of the air 


the air can get in freely, but the 
bottle with its narrow neck allows only 
a little water to get out at a lime, 
leiiving an empty space into whicli ait 
pushes its way, causing the water to 
Inibble and make the gurgling sound 
All this is a proof of how real the 
pressure of the atmosphere is It is 



Water poured from a jug and bottle 


pressing down on everything, including 
our tKxiies, at the rate of nearly fifteen 
pounds on every square inch of sur- 
face, an<l the only rea.son we arc not 
crushed by the enormous weight of air 
pressing on the outside of our bodies 
is that there is just as strong a pres- 
sure of the air inside pushing our bodies 
out. Of course, the higher up one goes 
the less is the pressure of the air, and 
balloons, when they rise high, expand 
because the outside pressure there is 
leas than at the Earth's surface. 




THE GREAT STORM IN ENGLAND 

England is particularly favoured in the matter of weather it never gets those extremes which some countries 
experience, nor is there often a really bad storm. Once, however, a storm swept over England that did immemse 
damage, and is known in history as the Great Storm. The amazing power of the wind was such that a stone 
at Shaftesbury weighing nearly four hundredweights, which had lain for some years fixed in the ground and 
fenced round by a bank, was lifted up by the wind and carried into a hollow seven yards from its resting 
place. Here is an account of this fearful tempest told from contemporary records 


E ngland has had its Great Plague 
and its Great Fire, and it has also 
had its Gr(‘at Storm, whit h took 
place on November zhth and 27th in 
the year 1703. 

It was a real tornado, tlu‘ kind ot 
tempest that swe^eps over certain areas 
of America, carrying away roofs, over- 
turning veliides, derailing trains, up- 
rooting trees and killing people by 
the SI ore. Perha]>s the chief event ol 
the storm whit'h has ke]U its memory 
fresh IS the way it ireateil th(‘ first 
Iiddystone Lighthouse. The story ot 
the rise and fall of that famous beacon 
is a tlirilhng narrative. 

This Great Storm is said to have 
tiriginated m 1h(* uninhabited 
areas of North America, and after 
reaching (he eastern part of that 
I ontimmt to have swe])t across the 
Atlantic f)e(‘an with increasing 
tury. It passed over Mrilain, 
crossed to France, and aftiu* 
sweeping across H(jlland, 
<7ermany, Swodi'ii, the Baltic, 
Russia and Siberia, was at last lost 
in the Arctu’ Occmx. 

The Storm Begins to Blow 

The storm began bi blow in 
England about elevim o'clock on 
the night of November 2bth, and 
it continued in full force till about 
s(‘ven o'clock on the n(‘xl monnng. 

Its violence was lelt childly in the 
southtTn part of the countiy, and 
it came as the culmination of a 
month ot very bad and boisterous 
weather. 

November 26th was a Friday 
and (m the preceding Woilm^sday 
th<' weatlior had been uimsnally 
calm and fine, consid(?ring the 
season of the year. At four o’ckick 
in the atternoon of that tlay, how- 
ever, a brisk geile began to blow 
np, and it increased so greatly 
during the night that it would have 
been regarded as a record storm if a 
worse had iK^t come a little later. 

On Thursday the wind abated a 
little, and then on Friday it began to 
blow with redoubled force*, till by 
Jilcven o'clock at night, as already 
mentioned, it blew with a force wdiich 
carried everything before it. 

The wind came from the south-WTst, 
Buid sounded like thunder of the very 
worst kind, continuing without a 
break. But actually there was no 


l>lown over and broken to pieies 
llimdn'ds of thoiisamls of cat lie wen* 
swept away by thi* Hoods that residted, 
.111(1 on ri siugU* l(‘V't'l of the S(*v(>rn 
7,000 shoe]) were drowned. Then* wane 
floods in many parts oi tlie (ountry 
At Bristol thi* Avon rose, and tfie 
str(*els were Hooded, .so that pc'ople 
had to take to boats. The damage iii 
this (itv alone was (ompiited at 
/ 150,000. 

Portsmouth,” says a WTitei of the 
iiiiu*, ” looks lik(* a city damaged by 
the enemy." The spires of many 
churches were blown oil their lowers, 
the lead of till' roofs was tolled nji 
like ])anhiuenl, and tlu^ chaptd oi 
King’s College at Cambndgt*, cm* 
of the noblest buildings in tht* 
world, lost many of its piiinat les 
and had some of its price lt‘ss 
painted glass windows smashed 
l)y 1 1) e w i n d H n n d r c* d s of 
tluHisands of trees were iipnMded, 
and ])arks and meadows all over 
tlu^ t ountry wc'n* stnAvn with 
prostrate trunks and severed 
i'ouglis. 

The Terrible Toll of the Wind 

Mi'll ol w.ir and nK'rchantmen 
foiinden-d or wi'iit to }U(‘(t‘S on 
samls and shoals. The Mary, a 
sixtV'fonr gun ship, wliirh had on 
board Atlmira, ! B(*aumont. 
p(*rislu*d in full vit'w of Deal, tlu* 
admiral and the w hoh* shi]>’s com- 
j)any ot 200 l)emg drowned, with 
the exce])lion of a single sailor 
The aetual loss of life was nev(T 
known, and it is Itelit'Ved that in 
compiling the death lists, or ” Bills 
oi Mortality." as they W'(Te ( .died, 
an attempt was madi* to miuimist' 
lh(* number of deaths so as to 
lesson the public con.steniation 
and tear It has bemi rerkoned, 
howevc'r, that at least 8,000 peojile 
w’ere killed in England. 

When the hurricane reached London 
part of the Palace of St. J.ames’s was 
IHown dowm, and a w^oman was kilU'd 
by one of the falling chimneys. 

Anne who had retired to lest was 
greatly alarmed, and got up with her 
husband and all the maids of honour. 

Tlic alfrighled iiih.ibitants of the 
capital left their beds and took refuge 
in collar.s and thi* lower apartments of 
their houses. Word went round that 
the cud of the world had come. Danit*! 


ttmiider or ligliliimg, though a number 
of mete(n*s wen* seen flashing across the 
sky. It w.is the ]>i'rio(l ot nt‘w Moon, 
and th(' night w.is black with a d.ii kn(>ss 
that (’onl(l .almost be lelt, which added 
to lh(i terror o! the ]H‘ople. 

As the storm sped along it upiooted 
trees, carried ‘way roofs, and li’ft a 
trail ot deatli and destruction right 
atToss tiu* t ountry. At Wells in 
Sonu'fset a gre.^l slack ot chimm*ys on 
tlu* bishop’s palace was blown down, 
crashing tinough the roof and killing 
the bishop, Dr. Kidder, with his wife 
as thev lay in bed 



As the storm sped it uprooted trees, carried away 
houses, demolished windmills, and left a trail of death 


In Sn.ssex the sister of tlu* Bisliop ol 
London was killed by th(* blowing down 
of her house. All over llu* country 
south of the Trent people were crusluul 
in their beds by the collapse of their 
roofs, while others who had taken alarm 
and run into the streets or their gardens, 
fared no better, for they were killed by 
the falling bricks and tiles that were 
blown in all directions. 

Hundreds of houses; were wrccktul, 
and 400 windmills arc said to have been 
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Dofoc, who went through the terrors 
of that ilri:adful nigfd, says : " H(^rror 
and confusion seiml upon all ; no pen 
can describe it, no longue can express it, 
no thought conceive it, unless some of 
tliose who were in the extremity of it."' 

It was not till eight o’clock on the 
Saturday morning, when the wind had 
abated slightly, that the boldest dared 
to venture forth from the shelter of 
their dwellings to see the result of the 
storm, or incjuire after the safety of 
their friends and relations. 

Everywhere the streets of I.oi»don 
were thickly .strewed wdth bricks, tiles, 
stone.s, lead, timber and all kinds of 
building material. Everywhere chimney 
.stacks were blown down, and the Hills 
of Mortality recorded 21 deaths in 
f^ondon alone from falling chimneys 
The record.s decUire that after tlie tem- 
pest the houses of London resembled 
skeletons. 

Defoe tells us, from personal observa 
tion, that in the county of Kent alone 
i,T 07 dwelling houses and barns were 
levelled by the tremendous force of the 
hurricane. Five hundred of the finest 
trees at Penshurst, the ancient park of 
the Sidncy.s. were thrown down, and 
<ill over the county numerous orchards 
were totally destroyed. 

Great Loss ol Lite 

The loss sustained by the City ol 
Loncion wa.s estimated at a million 
pounds. There was groat loss of life and 
destruction of property on the River 
Thames. The tide rushed up the river 
with great violence and overflowed its 
banks, flooding Westminster Hall and 
all the lower parts of tlie city. The 
arches of I^ndon Bridge were almost 
choked by wreckc^e. Five hundred 
watermen .s wherries, three hundred 
ship’s boats, and a hundred and twenty 
barges were destroyed. The number of 
persons drowned was never known, but 
22 dead bodies were washed up and 
buried. 

Round the coa.st the de;struction of 
shipping was very heavy. The English 
fleet, under the command of Sir 
Cioudesley Shovell, had just come back 
fi*om the Mediterranean, and the 
Admiral and many of his ships were 
anchored near the Gunfleet sandbank, 
off the Esscjx coast, a few miles south of 
Harwicli. These rode out the gale witli 
little difliculty, but of the ships that 
were lying in the Downs few escaped. 
Three ships of 70 guns, one of 64, two 
of 56 and one of 46, with other smaller 
vessels, were totally destroyed, with a 
loss of 1,500 othcers and men. 

In this connection it is in toesting to 
remember that the duty of saving the 
lives of shipwrecked sailors was un- 
known at this time. The dwellers on the 
coasts looked upon a shipwreck as a 
welcome and lawful op^Hirtunily of 
adding to tlieir wealth. It never 
occurred to them that they .should 
make any eflort to save their fellow 
creatures, and indeed, there was a 
superstition that it was unlucky to 
rescue a drowning man. 

At low water on the morning after 



The ilLfated first Eddystone lighthouse, 
before and after enlargement 
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the Great Storm, 200 men were seen 
on the Goodwin Sands crying out and 
waving their arms for aid. They knew 
that in a short time the tide must rifse, 
and they would perish. But we arc told 
that boatmen were too busy picking up 
floating property from the wrecks for 
their own use to worry about saving 
lives. 

1 'hc Mayor of Deal, who seems to 
have been a remarkably humane man 
for the period, went to the Custom 
House and begged that the boats be- 
longing to that establi.shment should bo 
sent out to save some of the poor men 
on the Goodwins. It vseem.s almost 
incredible that the Custom House 
officials refused on the ground that this 
wa.s not the work for which their boats 
were intended. 

Hut the Mayor was a man of strength 
and character. He was not to be beaten 
by red tape. Collecting a few of his 
fellow tradesmen, he harangued them 
and so inspired them with hi.s own 
humanity and courage, that they seized 
the Custom House boats by force and 
went off to the C}oodwins to rescue as 
many men as they could. 

When the shipwrecked mariners were 
brought to laufl they wore naked, cold 
and hungry, and yet the Navy agent at 
Deal refused to give them any assistance 
at all. His duties, he said, were to aid 
seamen wounded in battle, not ship- 
wrecked men. 

Good from the 111 Wind 

This kindly Mayor therefore had to 
clothe and feed these poor mariners and 
provide them with lodgings at his own 
expense. He even had to pay for the 
burial of some that died. After many 
|)etilions to the CK>vemment he wa.s at 
last repaid what he had .spent, and some 
ood came of the dreadful incident, for 
Parliament requested Queen Anne to 
place shipwrecked seamen in the same 
cla.ss a.s men wounded in action so far as 
.succour was concerned. 

There were some instances of mar- 
vellous e.scape.s. The Registrar of Eton 
College, for example, Mr, Hairson, who 
happened to be in London, was sleeping 
in the upper storey of a house near 
Luflgate Hill, Suddenly the roof was 
blown away, and he himself was carried 
to the ground in his bed, but suffered no 
hurt. He afterwards declared that he 
knew nothing whatever of the storm 
till he found himself lying in his bed in 
the oi>en street. 

In Alder.sgate Street, not far away, a 
man and woman were forced into a 
cellar by the fall of a chimney, and all 
hope of their l>eing rescued alive was 
given up. The next morning, about 
eight o’clock, those digging among the 
ruins found the man and woman quite 
uninjured, and the first question the 
man asked was, where were his clothes 
that he had left in the next room, with 
fifty shillings in the pocket } The 
woman demanded to know what had 
become of her trunk, in which were 
.some gold coins ? The chronicle of the 
time mentions tliat neither expressed 
any .gratitude to either God or man." 
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The number of inaimefl persons 
throughout the country was never re- 
corded, lout it certainly ran into tens of 
thousands. The total matt'rial damage 
done in England alone amounted to 
about ;(4, 000,000, an enormous sum for 
those days, and for long years after- 
wards the results of the storm cc^uld be 
nutit ed ail ov^er tile country. 

But the most dramatic incident of 
this terribU? visitutiori, wliich continued 
with slightly lessened velocity for nearly 
a week, was tlie total destruction of the 
first Eddystonc Lighthouse. 

The luldystonti had always l)(*en a 
dangerous rock for shipping entering 
the Channel, and for centurii'S there 
had been suggestions for lighting it in 
some way so that 
mariners might 
warned. One sc heme 
was to have a coal fire 
burning always, but the 
first really ptcu tit abl(» 
proposition was inadt' 
by Mr. Walter Whit- 
field, who suggested 
that a lighthouse 
should be built. 

He oilered to carry 
out the work, pro- 
vided that :is a reward 
he should receive a 
share of the tolls levied 
on riymouth shipping. 

N ot h i n g was don o, 
however, for some 
years, and then an 
iigu*enient was made 
with VV'hitheld, giving 
him the entire pioceeds 
(it the lighthouse du(‘s 
tor li\'e years, and one 
halt tor the surct'etliiig 
tilly vears, provided that he built the 
lighthouse. 

He «it once made I'Xjierimcnts on 
the ICddystone Kock, Init was not long 
IS discovering the exceedingly ilan- 
gerous anti risky nature of the iiiidei- 
taking, and his alarm was so great that 
he abandont'd ttie eater jirise 

Then a bolder and more venturesome 
man .stejiped into the breach, and olfert'd 
to erect the lighthouse. His name was 
Henry Wiustanley, ami he >vds not a 
builder, but an artist and engravtT, 
wlio among other tilings desigiictl play- 
ing cards. Nor did he li\o near the 
.sea tor he W ’s born at Saffron Walden 
in Essex, and lived at Littlebury in 
the same exjunty. ffe was, ho weaver, 
greatly interested in mechanics, ami 
had a worksho]) at Litthdruiy, where 
he invented many strange devices. 

He must have been sornc'thing of a 
practical joktT, too, for if you visited 
him, as you went into the pa.s.sage of 
the hcai >e and trod upon a certain board 
of the floor, a door at the end of tlie 
passage flew open and out sprang a 
skeleton before you. If you went into 
his snniiner«house and sat down in 
front of the duckpond, the st*at would 
suddenly swing round and you found 
yourself sitting over the centre of th(? 
pond. 

Wiustanley began building the fir.st 


haidystonc lighthouse on July i.^th, 
ifKib. when William th(‘ Third was on 
the throne, and the first summer was 
spent in making twelve holes in tht; 
rock and fastening twelve great irons 
to hold th(‘ work tliat was to be done* 
afterwards. Wiustanley hoped to be 
able to finish the lighthouse in the 
secontl year, and the* Admiralty helped 
him by lending him boats ami men. 

Those were the* days before ihcie was 
any Entente Ojiduiie with France, so 
a Mntish guanlship Iiad to stand by 
and watch the Rock. Om- foggy night 
in iO<i7, as Wiustanley and his men 
slept on tlie Rock, the guardshi]) missed 
her position, and anchored off I‘'owey, 
wIuTv' she rem.imed lor 1hn‘e nr lour 


days, 'rins proved disaslrmi . hr Hie 
light honst' builder, for wliile thi‘ Brili.Hi 
guanlship wasj awav <i small hrench 
jirivateer .seiiii ^ boat with thirly armed 
men, who la.nded on the Eddystone 
Kot'k, o vertK) Viren 5d Winstank'v and 
his men, ai;id&orced them into the Ixiat. 

riH' Iweil^hmen stripjied the men 
naked ami turned them adult m the 
boat, but Winstanley him.sell was taken 
to the warship, which sailed away. 

A Guard$hip at the Lighthouse 

When the British Admiraltv h(‘ar(l 
of this outrage they were naturally v(Ty 
angry, but they nuinagcMl to gel Wm- 
stanley exchanged for a Frencli prisoner 
of war, timl he was soon at work again 
up‘»n the Eddystone K(»ck. 

After tliis experienci' the party of 
lighthouse builders was taken on board 
a British guardsliip at simstd every 
day, and carried back to Plymouth. 

In the second year a round pillar 
twelve feci high and fourteen h‘et in 
diameter was erected on the Rock, ami 
in the third year the remainder of the 
lighthouse, built of w'ood, was earned 
u]) to a lieight of eighty feet, and a 
weather vane placed on toy). 

At last it wa.s fini.shed, and on the 
night of Novcmlier 14th, 1O98, it was 
lighted ujj with tallow candles. Never 
was there a prouder man than Henry 
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Wiustanley. He remained on the 
liglit house for some time, tuid then went 
ashore to watch the lights of the tallow 
candles twinkling through the darkness. 

But Wmslanley’s beacon was very 
fliffereni irom our idea of a lighthouse 
It was indeed a wonderful structure. 
It hail many sides, was ornamented with 
vanes a.nd woodmi eand Unsticks and 
dei'orations of all kinds. There were 
several ]>rojccting cranes for hauling u]) 
food and other materials, the outside 
w\t.s paii)t<*d wjtli strange designs. 

The building was intended not merely 
as a lighthouse to warn mariners, but 
also as a tortrt'ss to resist siegi'., and on 
to]) was a kind of movable platform or 
chute whii h could ln' turned round in 
any direction, and from 
wluch stones could be 
showered upon an 
enemv attacking the 
building. : 

After the first winte r 
Win.slanley visited his 
lighthouse to see how it 
had borne the blasts. 
He found it unshaken, 
but as the seas had 
often been blown over 
the toy) of the lantern, 
iibst'uring the light, he 
decided to strengthen 
the foundations, take 
down tlu* u]»per ])art 
of the building ancl re- 
build it much Ihgher. 
He did so, and the 
liciglit was now raised 
to lio feet. 

One cd’ the most 
ama/vig things nrord- 
(‘<1 about this early 
1 'kills. stone Lighthouse 
t the keepers vviTc constantly 
ig. t ol lieing carried away by 
pi*’,.' gangs 

Some ]>eople feared for (he lighthouse 
should a really terrific storm sweep 
round it, but Wmstanlev laufdasi at all 
their lears. “ I only wish," said he, 
“that I may be in the lighthouse in 
circiniistam es that will tt‘st its .strength 
to tlie utmost,” It \va.s not long before 
his wish was fulfilled. 

On the afternoon of Novmnber 261 h, 
1703, he s(‘t olf m dirty weather from 
Plymouth for the' Eddystone Rock, 
deciding to stay there for thii niglit, 
Th(*n came tlic Great Storm, wdih its 
dranntii' conscqueni'es. 

We know no more of what hayipened, 
oxci'pt tiiat when daylight dawned on 
tlie morning of November iytli, and 
men looked out iow^arils the ICddystono 
Rock, there wore no signs of a light- 
house. 'Dk,’ Rock was bare a.s it used 
to be. WinStaidey’s structure, with 
its designer, had been swept away for 
ever by tlie Great Storm. 

A strange thing, however, happened 
at Winstanley ‘s home at Littlebury 
The storm did much damage in that 
part of Ks.sex, but the lighthouse 
designer's home was almost undamaged. 
During the night, however, a silver 
model of the reconstructed lighthouse 
fell to the ground. 



The Customs officials refused to the Mayor of Deal to use their boats for 
saving the wipwrecked mariners 
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THE SUN AS SEEN FROM MANY PLANETS 



The 9 izt of the Sun as it would be seen from the different planets if we could visit them would vary very much, for while some plixiets 
are much nearer the Sun than our Barth, others are a great deal farther away. The Earth is 03 million miles from the Sun, but Mercury 
is only 36 million miles, while Neptune is 2,800 mtfiion miles, and Pluto, the most recently discovered planet^ still farther^ In this 
picture we see how big the Sun would look from different planets. The amount of light which the planets receive depends upon their 
distance from the Sim, and the quanti^ varies not according to the distance, but according to the square of the distance See page 
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OUR 58,000 TONS OF SUNLIGHT A YEAR 

We do not think of sunlight as having weight, and to speak of an ounce of sunlight seems ridiculous. Yet 
men of science tell us that, as a result of their latest discoveries, they find that sunlight does actually have 
mass or weight, and that we can speak of so many ounces or pounds of sunlight. In these pages this curious 

development of science is explained 


A t'RVV years ago it would have 
seemed ridiculous to talk of 
sunlight by weight, or to think 
of a ray of light as liaving any mass. 

Of course, in Newton’s time light 
was regarded as consisting of tiny 
particles of matter shot out by the 
source of light and passing across space 
to our eyes. Hut later the wave theory 
of light was devised by .scienti.sts, and 
during the nineteenth century this 
theory was supposed to be 
the last word on the .subject. 

Scieutisfs reasoned that 
there cannot be waves of 
nothing, and so they sup- 
posed that all space was 
filled with a material sub- 
stance far lighter anti more 
spread out tluin any of the 
elements of which tlie Karth 
is made, not excepting 
hyclrogm gas. The waves 
were supposed to l)e waves 
in this very rarefied sub- 
stance which was given the 
name of ICther. 

As men of science went 
on with their investigations, 
however, this theory did not 
fit in with all the resultvS 
that were obtained by ex- 
petiTTienis. Profes.sor 
Einstein, the great German 
physicist, who elaborated 
the theory known a.s 
Relativity (about which we 
read on pages ,^87 to 491) 
declared that light was 
affected by gravitation. He 
maintained that a beam of 
light coming to the Earth 
from a distant star, if it 

E assccl near the Sim, would 
e drawn aside as though 
by the Sun's pull. 

It was therefore decided 
during a total eclipse of the 
Sun. to test this theory, and 
on May 29th, 1919. two 
British expeditions, which 
had gone to different parts 
of the world to study a total eclipse 
of the Sun on that day, found that 
Einstein was right. 

It was noted that a beam of light 
coming from a star was definitely Iwut 
as it passed the Sun. Photographs 
W^rc taken of two stars in a group 
known as the Hyades in the constella- 
tion of Taurus, "or the Bull, and the 
photogi-aphs definitely showed a dis- 
placement of the stars, which meant 
the bending of the ray of light coming 
from them. 


Since then other experiments have 
shown that the wave theory of light 
docs not account for all the hicts in 
cormection with light. Light behaves 
at times as though it had mass, or 
substance, and it is curious that though 
we have not gone bat k to Newton's 
theory of light, namely, that it consists 
of small particles or corpuscles of solid 
matter, yet some of the results wc get 
are such as ?sevvton expech^d. 


In his work “ Opticks,” ho says : 
" Do not bodies act upon light at a 
distance, and l^y their action bend its 
rays." That is just what do(^s liippcu. 

Einstein's theoiy distinctly shows 
that light has mass, and men of science 
are abh* to calculate that the light 
received from tlie Sun by the Eaith 
in the course of a year is rattier more 
than 58,000 tons, yet this is only a 
fragment of the radiiation sent out 
altogether by the Sun, which is equal 
to 250 million lon^ a minute. 
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It is calculated Ilut about a ten- 
thousandth of an ounce of sunlight 
tails every minute on every stniare mile 
of laud. This, according to Sir JamCvS 
Jeans, means that the total weight of 
sunshine that falls on a given space in 
a century is less than the weight ol 
rain falling on that .space during a 
heavy shower in tli(? fiftieth of a 
second. 

The present belief of science, owing 
to the coming of Relativity, 
is that light consists of 
neither waves nor particles, 
but tliat it partakes of the 
nature of both waves and 
particles or, in other words, 
that it iHihaves like both. 

The Einstein theory ol 
Relativity is a very com- 
plicated business that only 
tho.se with an exhaustive 
knowledge of higher matlie- 
matics can possibly hope 
to gras]> in detail. It con- 
cerns not only light, but 
everything in the Universe, 
inclu<liug matter, space ancl 
time. 

VVe think of these things 
as quite wparate. We 
think, for instance, of a 
planet or a sun weighing so 
many tons and moving at 
such and such a rate 
through so many miles. 
But according to the 'rii(*ory 
of Relativity things shouUl 
not be thought of as though 
they were in separate t:om- 
paitmeuts. There is no 
such thing as time or place 
or size apart from th<^ re- 
lation of such things to 
otlier things. Hie place or 
time of an event, .says the 
scientist, depends on its 
relations to other events, 
and these relations 
different for d i f f r e n t 
observers. 

T]icunivers(-% with every- 
thing in it, iu.stead of consisting of 
only thre '5 dimensions, length, breadth 
and dejith, has really four dimensions, 
length, breadth, depth and time, and 
these; .say.s the 'fheory of Relativity, 
may vary for every observer. 

The scientist thinks of the universe 
now, not as masses in space changing 
their relative positions in time, but 
almost as a number of events. Two 
events which for any particular observer 
occur at one instant may for other 
observers be separated by an interval, 



The light of the Sun is now known to have weight, and in this 
picture-diagram we see the mass or weight of sunshine which the 
Earth receives from the Sun every year 
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and tlion; is no absolute placci for any- 
thin, t*, bccaus(^* any two events which 
tor one observer hapjx’ii in one ])lace, 
may l)e in ditferent places for other 
observers. 

'Fo the modern scientist who thus 
thinks iTj matlieinalu s, the ether filling 
all spat(i, which was formerly needed 
for th<‘ wave theory of li^ht, does not 
exist in any real material sense. He 
no longer* thinks of infinite space 
consisting of length, breadth and 
depth, filled with other, but talks of 
a “ spaee-time continuum.*' Just as we 
think of a sheet ot paper which has 
lenglli and breadth as being a space of 
two dimensions ; or of a cube with 
length, breadth and depth as being a 
space? with three dimensions, so a 
scientist thinks of the Tbiiverse as a 


It is all very diflicult to those ol 
us who can think ol things only in 
three dimensions with time as a 
separate afiair altogether The illustra- 
tions, however, given on pages 486 to 
491 will ludp us to get some idea of 
how one thing and one event are related 
to others and how time as well as 
length and breadtli and depth enter 
into things 

When Kinstein propounded his 
Theory oi Relativity, it was not known 
that a ray of light passing through 
space could b(i bent as by gravitation, 
but this proved to ]>e the case. Other 
proofs of the Theory of Relativity have 
also been oVitained. 

For in.stancc, the movement of the 
planet Mercury in its journey round 
the Sun did not fall in exactly with 


Oravitation i.s not now thought of as 
a force acting across spjice and pulling 
things — the Sun, for example, pulling 
the Earth and the Earth in turn pulling 
the Sun. 1 'he law of gravitation is now 
regarded by men of science as a 
mathematical formula giving the rate 
at which a moving body changes its 
speed of motion. 

Newton regarded a mass of matter 
as exerting a force, but Einstein 
regards the matter as distorting the 
four-dimensional continuum in its 
neighbourhood. In other words, the 
apple falls from the tree not by the 
pull of a force but by a curvature 
of the continuum As Sir James Jeans 
says, “ Gravitational forces now dis- 
ajipear, leaving nothing but a crumpled 
continuum ” 



Although men of science have discovered that sunlight has mass or weight, and that the Sun gives out 250 million tons of radiation every 
minute the amount that falls upon any square mile, such as the City of London, is very small when reckoned in terms of weight 


space with lour dimensions, length, 
breadth, depth and time. 

Ol course, ordinary people like our- 
selve.s cannot ]ncturo these four dimen- 
sions as one thing. We can, howev%?r, 
get some idea or hint of what the 
scientist is driving at from simple 
illustra, lions. One illustration is that 
of what we know as a light-year. This 
i.s a combination of space and time. In 
one sen.se it is the space or distance 
which a ray of light travels in a year. 
In another sense it is the time in 
which a ray of light takes to travel 
5^876,068,880,000 miles. The term 
light-year combines the two ideas, 
time and .space. 

Another illustiatioa is that of the 
train which is given on page 488 


Newton’s Law of Gravitation, but 
Einstein’s new principle for calculating 
gravitation was found to fall in with 
and explain the apparent irregularity 
of Mercury’s orbit. 

Einstein teaches that size and mass 
depend on speed of movement, and 
that mass increases at high speeds. He 
points out that .space and time have no 
real distinction. We separate them only 
for convenience in thinking. 

His Theory upsets much of Euclid's 
geometry, for according to the German 
scientist parallel lines do eventually 
meet, straight lines are not straight, 
.space is not infinite but curves round, a 
circle is not really circular, and the three 
angles of a triangle do not necessarily 
together equal two right-angles. 


This is about the simplest way in 
which the ideas of relativity can be 
explained, but wc must remember that 
for ordinary people dealing with the 
ordinary facts of life we may still follow 
Euclid in geometry and Newton in 
gravitation. 

It would not do in the ordinary 
everyday affairs <^f life, as for example 
in tlie laying of railway lines, to act as 
though parallel lines were not always 
the same distance apart, or in the 
unloading of a ship to think that 
Newton’s idea of gravitation was no 
longer true. All these new ideas 
affect only the higher branches of 
science, which do not concern ordin- 
ary people as they go about their 
daily life. 
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A GREAT ORCHESTRA PLAYED BY ONE MAN 

A big organ is a very wontlerlul instrumeRt. It is really a complete orchestra played by one man* There 
seems to be no limit to the size of an organ, and one of the largest ol these instruments, built and played in 
America, is described in these pages. 1 he keyboard of a modern organ need not be near the pipes, for organs 
can now be played electrically and the keyboard can be hundreds of feet from the organ itself. In modern 
cinema organs, in addition to the pipes, various instruments ol percussion are also played from the keyboard, 

as shown in the drawings on pages 654 and 655. 


T in: organ hast^’eii described as the 
most perfect musical instrnuu'nt 
that the ingenuity of m.m has 
hitherto devised, and tlie descrijition 
is a true one It i.s as much a triuiupli 
of the mind of man as is a great (dectnc 
power station, a vast cathedral, or a 
giant liner. Starting from the smallest 
beginnings, Uu‘ organ lias now reached 
diniensioiis that almost bewilder the 
imagination. 

Away biU'k in the distant past some 
man heard strange .sounds as the 
passing breezes struck against the open 
ends ol the bniken reeds that giew by 
the river side. The reeds were of 
different kmgths, and the murmurs 
varieii as the wind played first over the 
long [)ipcs and then 
over the short ones 
We know not who 
the man w'as, but 
some inventive 
genius of thos(‘ di.s- 
taiit days saw in this 
playing of Nature's 
music a great idea, 
lie gathcrc'd the dry 
st(uus of reeds, and 
braking or cutting 
til cm to different 
lengths fastened 
them together to 
make the instrument 
which we call Pan’s 
pipes Holding this 
to his lips h<’ Idew 
across the reeds and 
produc{*d the first 
real instrumental 
music made by man. 

But he did more 
t han tliat . He began 
the invention of tlie 
organ, the most 
glorious of all 
musical instruments, 
and one of the mar- 
vels of the modern 
world. 

It is no exaggera- 
tion to say that the 
organ, forming as it 
does a combination 
of many wind instru- 
ments, is really a 
great orchestra, with 
one player instead of 
many. Even the 
huge organ which is The machinery at 
pictured in these the electric 


jiages, and is the biggc.st musi< al insti ii- 
incut iii tile worlil. can be played (piite 
easily by duc man, who tan open .ind 
sluit at Ins jileasure the thousands of 
valvtvs vvhith regulate the ]»ilrh ol the 
sound 

The invent ini of the organ did not 
lonu; .sudileniy It was developed 
over the course of centuries, and 
although m ancient tunes there were 
organs m which the wind was blown 
through the ]>ipes by means of water- 
pow(*r, .so that they were called water- 
organs, the organ as vve know it to-day 
is a ])roduct of the Middle Ages. 

The old organs were very small and 
had as a rule only from eight to fifteen 
pipes They wart* us<‘ti clni‘llv in 



the back of the keyboard of the giant organ at Atlantic City, and 
cables that connect the keys with the pipe valves and stops 


teaching singing, and their compass was 
only one tudave. No pipe w^as longer 
1h.ni loin feet, 'file kt'ybo.ird con- 
sisted ot upright wooden plates, and 
th(‘ ])erforiner ]>ressed these down to 
admit tht* vvitul to the i)i])es 'Hie 
.staind lasted till they were restored to 
their u] right position. 

Hr.ulually the organ was developed 
by tlie division of the ])ipo work into 
registers or slops,” which are simjily 
sets of organ pipes. The old small 
oigans had been ea.sy to play, but as 
the instrument became more com- 
plicati’d the organist liad to be somt'- 
thing f>f an itthlet<‘, for the kt'ys could 
only be movi'd liy being struck hard 
witli the fists <n’ pressed down with all 
tli<‘ force of the 
elbows. 

1 n g n i on s men, 
howev(*i, .set to w<irk, 
and the mechanism 
was si m ]) 1 1 f i e <l so 
that tlu* pressing of 
a key wnth tiie finger 
would ]»roduee a note 
of any volume. 

Nowadays a large 
organ is divided up 
into de])a rt rnenls 
which may almost be 
r(‘g<ird(‘d as se]iar<ite 
iiislnnnenls. Tliere 
IS the great“Organ oi 
grand - f )r gai i , hose 
larg(* pipes a])pear in 
the, front ol the in- 
strument, and give 
tlu* most majestic 
notes. Behind it is 
1 he choir- organ, with 
le.ss ])o\verfiil notes. 
It IS often ust*d to 
accompany t h (» 
human voice. Then 
above tiiis is the 
swell-organ, wdlh its 
pipes eiuloscd in a 
wooden box, that 
has a front of upright 
boards that can be 
opened and closed 
like Venetian blinds, 
by pressing on a 
pedal, In this way 
the sounds can be 
increased or do* 
creased in power. 

Atlantic City, and The pipes ol the 
5 and stops organ are of two 
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one erf the places where the orgeaist operates the vwrtottt stop*. There is a SiinUar tier on the right-hand aide of rfie keyboanU. Bach 
rtop of an organ consists of a series of pipes similar in tone and quality, running thcoughagreatpartof theeompasaof theinstrumenb 
By means of the e^qiaratus shown here the oraanist can change Oe qualify and t«ie, the power of sound, and also tiw e«mpaw or 
range of sound while he is playing. The beUowsof this poet organ are blown by means of electrically driven Mowers 
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PLAYING AN ORGAN WITH 487 KEYS 



The organ at Altantic City has seven manuals or keyboards and there are 487 keys. In addition there are 32 pedal keys to be worked 
with the feet. In order that the organist may be able to reach all the keys easily the upper three keyboards are inclined towards 
him, and are not horizontal like the lower ones. This organ, which has been built by the firm of Midmer«Losh, has 32,882 pipes. 
The tMiek of the keyboards is shown in the photograph on page pox. This^and the other excellent photographs of the organ are given 
by courtesy of the American Organist, and were taken by Fred Hess 8 c Son, of Atlantic City 
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MARVELS OF CHEMISTRY AND PHYSJCS 


main clas'^Jos, known as s and 

n‘(.*(l-pipi‘S, an(i srime arc made* of wood 
and others of metal. The pipes 

are tiue-pjoes, and lh(‘se are often t)f 
d(;al, piiK' or eed<ir, and sometimes of 
oak, iiiahoj^tiny or nuiple 

'I'he lone of a lhu*-pipe is produeetl 
l»y the vdaation of a ( urreut of eoin- 
press('d air. which is forced through a. 
slit over a sfiarp edge. Th(‘ ])itcli of 
the note depends t)n the length of the 
pipe, and in some cases the pipe is 
(>]>en at tlie to]) and in other eases 
stopped l)v a, plug, so tliat the air has 


with the front part cut away and a 
metal tongue or spring inserted. The 
lower end of this tongue is free, while 
tlie upper end is fastened to the top of 
t he reed. When air enters the pii>e the 
toiigiK' vibrates and move.s the reed, 
prodneing a miisital note. Tlie pitch 
depends on the length of the tongue. 

The stops of an organ, which arc 
collections of pipc‘s of similar tone and 
qu.ality, are played by operating stop- 
tongu(*s on the left and right of the 
keyboartl. These when pulled out or 
pus) led tn move p(‘rforated boards 


There are now some very large organs 
in different parts of the world. One of 
the biggest church organs in England 
is at Liverpool Cjithedral. The biggest 
organ in America is a magnificent in- 
strument wdiich stands in the Con- 
vention Hall at Atlantic City, New 
Jersey. It lias no fewer than seven 
keyboards, with 487 keys to be operated 
by the fingers, 32 pedal keys for the 
feet, 1/233 stop- tongues in the left and 
right jambs operating the stops, and 
32,882 pipes. The bellows are worked 
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The seven manuals of the great organ keyboard as the player sees them in front of him, with their 487 keys to be played by hand 


to travel along the pipe twice before 
making its exit, and in this way the 
length of the pipe is doubled, which 
means that the pitcli of the note is 
halved. 

Idue-pipcs are sometimes made of 
metal, the most suitable metal being 
tin, and the least suitable lead. Zinc 
is sometimes used in huge pipes for 
cheapness. When the pijX'S are of 
metal they are made cylindncal, but 
when of wood they have a square or 
oblong section. 

The reed-pipe is a tul>e of metal 


which act as valves, letting in the 
wind or slmtting it off from each series 
of pipes. The organ is played from a 
set of keyboards which vary in number. 
Tlien* are never less than two key- 
boa rd.s and generally four. 

hi modern organs the bellows arc 
usually worked by electric or hydraulic 
power, instead of by hand, and the 
prcfssing down of the keys admits the 
wind to the pipes. The wind docs not 
pass direct from the bellows, but goes 
first into a wind chest so that the now 
shall be continuous and not jerky. 
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by seven electric blowers totalling 404 
horsc-powcr. Yet although it is st) 
huge it can be worked quite con- 
veniently by one player. 

I'he hall in which it stands is so big 
that a thirteen -storey building could be 
erected in its centre. It seats an 
audience of 41,000 people. 

Ill many large cinemas electric organs 
have taken the place of orchestras and 
are provided with tone controls which 
make it pxissible for the organist to play 
orchestral pieces with the sounds of the 
appropriate instruments. 



EXPERIMENTS IN THE SCIENCE OF SOUND 


T hkke arc many experiments which 
we can j)crform in the lunni' 
illustratiniLi t he science of sound, 
and some are on this pag(‘. 

Sound as we know consists o) waves 
or vilmitions in the air. If we lialf fill 
the kitchen sink with water and start 
a wave at one end we shall see Die wave 
travel across tlic water, and when it 
reaches the other end of the sink it will 
he r e f 1 e c t d 
back. Smind 

that they may Waves of water to illi 
teach tile ears ot thro 

Uio.se sitting be- 
low in the p(*ws. 

That sound waves travel not only 
thronqh the air luit tlirouu;!) solid sub* 
stances can b(‘ provt'd by a,n ex pen 
nu'nt with a tablespoon and a jiieee ol 
twine. We tie the twane round Uu' 
handl(‘ ot the spoon as shown in Uk' 
second j)ictnre, and hold the 
eruK ol th(' striiyuf in our ears 
Now we swin^ the string nnri 
allow tJie spoon to slrikt; thi' 
e(i,^e ot a table or sonu* othei 

'Ihe sound vvhit'h wv heat iJTO 
will be very loud inth'i'd, much ^7?'^ 

louder than if the waves 
trav(‘lled through the air, ioi 
then they would sjni-ad out an<l HHi 

their foire bf* reduced, 'I'lie ^ 

waves tiavelliiij.* through the 
twnne reach the oais with un- 
diniinislu'd force. 

A simple telephone w’hieh will illus- 
trate how’ soutkI wave.s tiavel throiij;;!! 
solid substance can be constructed as 
shown in tlie third picture. We lake 
two cylindtu's of tin with both ends 
open. Onlinary domestic tins wath th<' 


bottoms cut oft wall do. Them we tie 
some parchment or j^reas<’- proof paper 
round one eml, and lakinj’ a lemjth ot 
thread or cotton pass it throimh the 
middle of thi* ])archm(’nts. tvni^ knots 
to k('(‘}i it from slipping; out ,»^. 5 ain. If 
w(‘ speak into one tin a person listen- 
in. at th(‘ other end wall hear what w'c 
say, t houuh the I hn-ail ukiv b(‘ Ihirt v feet 
lono. 'Phe cotton must be ke})t taut. 





Waves of water to illustrate waves of sound and, on the tight, sound waves ttansmitied 
through string from a tablespoon .swung against a table 


Still aiudhei expi'innent with 1 hre.ul 
or string is shown in one ot the bottom 
pictuK's WV put onr hands over our 
ears and get .somi'one to })ut a si ring 
or torrl round Our head and liands and 
pull it taut hokling tlx^ ('tid in oni' 


loud when h(‘ard through the m<*dium 
ot th<‘ string and haiuls, bec.iuse (*on- 
suhnable vibrations are Set np bv the 
fingering. 

If WV lak(‘ a tuning fork and rap it 
and then place llu* (‘iid to our lips w'e 
.shall It'cl vibrations almost like an 
I'lectric shock. These vibrations are, 
ot coui.se, many tlit* second, and 
their rapifl succession gives tlii' effect 
of a sho( k. 

In Victoiian 
<la wlien mo.st 
homes had lai.ge 
sh(‘lls .st, Hiding 
as ornaments on 
the nuinti^lpiece, 
it was .1 ('OTUTllon 
pra( lit e to ask a 
child to hold a. 
shell tt) his Crir 
w'lth tilt' rcunark 
that lio w'oiild 
lic'ar the roaring 
ol tln' weaves. 
C'(*rt ai n 1 y the 
sound that one 
hc'ars whtai hoUl- 
ing a shell close 
ind waves ttansmitied to the ear is very 
able nmch like the 

waves breaking 
on the shore, 
but, of course', ll .sounds are not 




A home-made lelephonk The cotton can, of course, be 
30 or ^0 feet long, but must be kept taut 


Iiaiiil Now* it he draws his finger an<l 
lliumb lightly along the cord we shall 
hear a loud tolhug s(.uind like' Ihuuder. 
rile .sounds made' by nibbing tin- string, 
which are* sciVTcedy pt-rce'plible when 
hste'iied to in the ordnuirv wav. are 


but, of course', ll .sounds are not 
caused by tlu' si'a. 

The slu;ll picks up all sorts of slight 
sounds that are gc»ing on round about 
us, but w’liK'h are t<K> tt*ebh* to b<‘ hearel 
in ordinarv way. In other wonls, 
the shell eeillects the' sonnel 
waves and e'eme e*nlrales them 
into a small spa,ce*, so that in- 
stuael ol be'ing cl’ssipatf'd in the 
air Ihe'V' < ‘1-n be? lic'arel by us. 
II fhe'TT' we're no sounds in the 
n)e>in wh(>n we* put the* she'll tei 
e)ur f'.ir it w'eiuld bt' epjite sih'iil. 

Such e'ol lection ol tee'bk*' 
somiels eloes not reepiire a sea 
she'll, but eithiT e^bjeets ot a 
^ SOI ne-what similar shtipe w ill (‘li- 

able us to "bear the sesi " pist 
as w’l’ll It is jiossible* to sere'W 
lip tlu* hand into se)nu'what of 
a shell sha])(' and he*ar sounds that it 
collects. 

'Pile e\j)('nme'iits with tlu* e'ord or 
string w*ill suggest various other ways 
in which we* can proxe* that souml 
vibrations tiavel through sedid bodK'.s. 



Listemng to the sounds caught Sending sound waves along a cord pladed round the head and Feeling the vibrations of 
in a seashell bands and drawn tight tuning fork on the lips 
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BEACHY HEAD FALLING INTO THE SEA 



The sea is busily engaged in eating away the coast of England, and how effectively it is doing its work can be seen by this photograph 
taken at Beachy Head. The power of the waves has undermined the great cliff, pounding at it till huge blocks have bwn broken wvay| 
and sooner or later the overhanging crag will become weathered and fall by its own weight. Then the sea, continuing its work, Will 
hurl the great blocks of stone to and fro till at last it smashes them up, and th^ will eventually become pebbles and then sand. 
action of the atmosphere splits even the hardest rock, and then the mere weight of thousands of tons of water being suddenly hurled 
against the cliff soon loosens and detaches big fragments of roCk. Thesa fragments are then used as battering*rams by the ska 
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THE SEA AS A BITTER ENEMY OF MAN 

The gea is never tamed. Man, with all the marvellous power that he has developed through using his 
brain, has done much to make the sea his servant, but when it gets angry it breaks out into hostilities and man is 
helpless. Whether it be in the smashing of his sea walls, the invasion of his coast lines, or the wrecking of his 
ships, the sea is an untamed enemy, and here we read something about this characteristic of the sea and its work 


I N many ways the sea is our friend. 
It forms a far easier means of 
communication between distant 
cxjuntries than great stretches of land, 
with their mountains and deserts and 
wide rivers to cross, and for a country 
like Great Britain it equalises the tem- 
perature, saving us from those ex- 
tremes of heat and cold which countries 
in a similar latitude far removed from 
the .sea experience. 

At the same time the sea is in many 
ways our enemy It is making a con- 
stant warfare upon our coasts, eating 
away our little island home, and 
rendering necessary the expenditure of 
a vast deal of labour and money to 
resist its encroachments. On the east 
coast of Britain at various points from 
north to south the sea has been for 
centuries battering away at the land, 
making a breach here and a breach 
there, <Tnd at last invading the haunts 
of man and capturing for ever large 


areas which now lie at the bottom of 
the sea. 

This encroachment is not carried out 
at such a slow rate that wo cannot see 
it going on. The smashing of the cliffs 
at Beachy Head, the breaking up of 
the sea front near Lowestoft, and the 
eating away of the cliffs at places like 
Cromer and Dunwich and the Reculvers 
are evidence l>e‘ore our eyes of the 
relentless will to war of the waves. 

On the continent of Europe nations 
talk of maintaining their frontiers 
inviolate ; but people like the Britons, 
who.se frontiers are th<i sea, can never 
keep these frontiers unaltered. The 
sea coast is ever changing. Waves and 
currents are working vigorously to 
wear away the land, moving great 
fragments of rock and breaking them 
up and then carrying the smaller frag- 
ments farther along the coast and 
dropping them sometimes where they 
are least wanted. 


At one place, such as the coast of 
Yorkshire or the coast of Sussex, the 
shore is smashed up and a town gradu- 
ally captuied till it is submerged ; 
while ill another place, as at Rye, the 
sea gives up its captures and leaves 
what wa.s once a flourishing seaport 
two miles inland. 

Of course, this kind of Hung goes on 
not only in England but all over the 
world. Some coasts, like that oi Cape 
Cod in Massachusetts, are being cut 
away by the sea at the rate of a foot or 
two a year. Jn other places, as on the 
west coast of Italy, the .sea is depositing 
matter and building up the coast, so 
that a city like Pisa, which in the 
Middle Ages ivas a prosperous .sea^Xirt, 
is now $ev('ral miles inland. 

Th(>re are other ways in whicli the 
sea is the enemy of mankind. U 
resents its attempted conquest by man 
and wrecks his ships, throwing them 
angrily upon the rocky coasts 



A .triUnir — of the mtT-f?**' fUTT of the wavefc The j*otograph shows aU that is left of a shio toat wm huiM upon the 
A V the cruel wa^ and smashed to fragments, the whole of Its crew hem* lost 
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THE RECORD OF AN EARTHQUAKE 6,000 MILES AWAY 



By means of that remarkable instrument, the seismograph, we can now know when an earthquake takes place in any part of the 
world. Even if it occurs under the sea the instrument records it, and the record made indicates whether the earthquake was a small 
or great one. We can see on page 674 how the seismograph works, and here is the actual record which such an instrument made 
in London of an earthquake that took place in a Pacific island, 6,000 miles away. The intensity of the shocks is indicated by the way 
in which the line travels up and down. Nearly all countries now have their seismographs stationed in different areas, and when an 
earthquake occurs its position can be more or less worked out from the records that are made by the different seismographs. Even 

the lightest earth tremors are recorded on these delicate instruments. 


WHY WE CAN SEE THE SUN AFTER IT HAS SUNK 


T he atmosphere whicli suiTounds oui 
h'arth is responsible for some 
strari.^e phenomena We have al- 
ready Seen {pa^cs 385 and O20) how the 
atmosphere Ctiuses haloes and rings to 
a[)pear round the Sun and Moon, and there 
are many other strange he.iKs that re,bult 
from atmospheric conditions. The mirage 
of the desert and tlie looming of tlic 
northern seas are examples of these. 
Another example is the twinkling of the 
stars. 

It IS to the cilmosphere that we owe the 
twilight which in the latitude of Great 
Britain makes the day merge into night 
very gradually. After the Sun has gone 
below tlie horizon and is no longer directly 
visible, his light i.s reflected and diffracted, 
or broken up, by the many particles in the 
upper atmosjihere, so that we see the light 
for a considerable time after the .source of 
light has disappeared. It has been found 
by .scientists that there are enough par- 
ticles above the height of a hundred miles 
to .send a perceptible amount of light to an 
observer. 

Of course, the duration of the twilight 


varie.s a great dea* at diflcreut limes of the 
year, and at different places. In the Polar 
regions it lasts for months. 

When a ray of light ]>a.sses from a 
medium of one density into that of another 
it is bent. This has been already explained 
on pages 221 and 222. Tlie atmosphere is 
in layers of diflcrent density, and a ray of 
light entering tlie Earth's atmosphere 



The flattened sun as it sinks below the horizon 
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Irom Space passes through these layers 
which get steadily denser as they reach the 
Earth ’.s surface. The ray of light is 
con-seipicntly bent again and again and 
as a result both the Sun and the Moon 
come into our view before they have 
actually luscn above the horizon in the 
morning, and are still visible to us alter 
they have really set in the evening, In 
otlier words, the rays of light from them 
are bent as they pass through the layers of 
varying density in the atmosphere and 
they appear higher up in the sky than they 
reailv are. I'lie result is that iii a latitude 
like that of England the period of day in 
which the Sun is seen above the horizon is 
lengthened from four to eight minutes. 

The effect of refraction in the atiiio.sphere 
is to raise all distant objects, to lengthen 
the day and to flatten tho disc of the Sun 
and Moon when rising and setting. The 
lower edge of the Sun or Moon is raised 
more than the upper edge, and so the 
body has a flattenoc! appearance, as shown 
in the picture here. This curious distor- 
tion of the Sun’s disc is sometimes to be 
seen in England just before sunset. 


LAND AND SEA BREEZES AND THEIR CAUSE 
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Even under the calmest conditions there is always a breeze blowing at tlie seaside. In the daytime it blows from the sea upon the 
land, and at night from the land towards the sea. The pictures on this page show why the land and sea breezes blow in this way 
Here in this top picture we have the conditions that make a sea breeze. During the day the land, being a solid, takes up heat from 
the Sun more quickly than the adjacent water, and warms the air above it, so that this rises, and the cooler air that is over the 
sea flows in to take its place Thus a constant stream of cool air is passing over the land from the sea 






Warm a/r rising 
from sea 


Sea warm 


« t 


Land coo/ 




Here we see the conditions that produce a land breeze, that is, a wind blowing from the land towards the sea. At night the land that 
has become heated during the day gives up its heat rapidly, and becomes cool.| But the sea, which was slow in taking in the Sun s heat, 
is also slow in giving it up. The result is that the land is cooler than the sea. Warm air over the sea therefore rises, and cool air 
from the land flows in to take its place. The arrows in these pictures show the direction of the air currents, not the winds themselves 






THE GIANT CRANE LIFTS ITS SMALLER BROTHER 
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THE USEFUL WORK OF THE GIANT CRANE 

Without powerful cranes the work of loading and unloading ships at the docks could never be carried out 
with sufficient speed. In the old days when the vcdume of business was small gangs of men with very 
little mechanical aid could empty the much smaller vessels that then entered the docks. Now, however, with 
giant ships, giant cranes are needed as time«savers, and here we read about them 


W HEN we look at a great crane 
lifting a heavy body like a 
locomotive and swinging it on 
to a ship for transport abroad, we may 
wonder how the Ancients wore ever 
able to lift and place in position such 
huge stones as rested on the upright 
pillars at Stonehongo. To move such 
stones in these days would require 
quite a large crane, and yet thi‘ 
Ancients had practically no machinery. 

Wo must rcmemlxir, however, that 
while they performed such tasks they 
were only able to do it by using a vast 
amount of human labour and sprt‘ading 
the work over a groat periotl of tini(\ 
It is something like the case of the 
pulley or the lever. In the lever, by 
exerting a small force through a great 
distiinco at the end of a long arm, we 
can move a heavy weight through a 
short distance. 

Well, nowadays, by means of a 
modern crane, we can lift a very great 


weight in a short time because we have 
found how to exert a great force in a 
small space— -that is, we use steam, or 
hydraulic or electric power to work the 
crane. 

The Ancients, on the other hand, 
having no such power, had to use small 
quantities of force such as individual 
human beings could exert and use a 
large number of units over an extended 
f^)eriod, 

1'hus. it is believed that the lintels 
or horizontal stones at Stonehenge 
were raised and placed upon the up- 
rights by building round the upright 
pillars largo mounds of earth. Tlie 
lintels w’cr<‘ then dragged up the slopes 
of thes<! mounds till they stood on the 
two uprights, and finally vast labour 
was entailed in digging away the earth 
till the three stones stood isolated. 

Three methods an* .adopted in the 
working of crantJS. Stirnetimes there 
is a direct pull by a piston rod, but this, 


of course, gives only a very short range 
()f lift. Then there is an indirect pull 
tlirough a system of pulleys, and thi.s 
is the method used in large hydraulic 
cranes, such as we see in operation at 
the quayside. A third method is to 
give ail indirect pull by means of a rope 
or chain that winds on or oti a rotating 
barrel. This type of crane is seen on 
railw'ays. 

In movable cranes that are worked 
by steam the boiler is usually placcil 
well out on the side opposite to that 
on which the pull is exerted, so that it 
may act as a counterweight and pre- 
vent the r.rrme from being pulled over 
by its load. 

The great overhead cranes that are 
found in engineering works, which lift 
sometimes more than a hundred tons 
at a time, are gcmerally worked by 
electricity. Electric rr’an<‘s are also 
used with grabs to unload coal or ore 
or ballast from the holds of ships. 



A floating crane at Bordeaux harbour lilting a heavy iron caisson and swinging it into position for lowering into the river-bed 
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THE VACUUM BRAKE OF THE RAILWAY; 



Brake /ei^er 


In this picture the artist explains m a simple way how the vacuum brake ol a train in applied by the turning of a 

communication cord The locomotive and part of the first railway carriage of a train are shown. Under each coach and also under the engine 
there is a cvlindeTwith a movable part inside called the piston. Each cylinder throughout the train is connected with the tram pipe, the connections 
the made by means of hoL couplings. The train pipe is connected to an ejector on tlje engine^ 

raTa handle and by moving this the dr^ puts_on^the^^^^^ If i^thS 


drawine. It i. connected ^th « »t«m pip«. through wh-ch »*«■” “"^er prwure Mn [» f™"" 'J**™ w?i, 


no«le until at last all the air is withdrawn from the train pipe and the cylinders. As soon as the air in 

ia withdrawn, the piston falls, letting down the brake lever and holding the brake blocks away from the wheels. When the handle of the ejector is 
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Brake rod bemg. 
pa//ed 


Brake /eeer 


moved to the ** brakes on position, as in the right^liand bottom picture, the cam closes the steam valve and the holes in the air disc come over the 
train pipe. Air at once rushes through these holes into the train pipe, which then no longer contains a vacuum. The air passes up into each cylinder, 
where it forces up the piston, and in doing so pulls up with it the brake lever and draws the brake blocks on to the wheels. A ball valve preserves 
a constant vacuum above the cylinder and allows the air to be drawn into the train pipe, but will not allow it to go back again. An enlarged view 
of the guard’s van valve at the end of the coach is shown. This is also connected with the train pipe. When the handle of this is depressed it opens 
a Valve, allowing air to rush into the pipe, destroying the vacuum in all the cylinders and causing the brakes to be put on. Similarly when the 
communication cord in a railway carriage is pulled by a passenger a safety valve is pulled open at the end of the coach allowing air to rush into the train 
pipe and putting on the brakes. Should a coach become detached from the train on an incline the hose couplings would be severed, and this would 
mean that air would rush into the pipe, destroying the vacuum and applying the brakes to all the coaches. These brakes will stop the train, even 
if the engine is under lull steam, it will be seen, therefore, that the vacuum brake is a very valuable appliance indeed, and to it in a very large 
measure we owe the safety with which we are able to travel on the railway. Hundreds of thousands of lives depend on it every day of the year 
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WHAT THE INSIDE OF A SHELL IS LIKE 



It is difficult as we look at the outside of a shell to realise what the inside is like. Often the chamber is spiral-shaped, and the soft 
creature which inhabits it curls itself round in its home. Here are X-ray photographs of a number of different shells, and these will 
give us some idea of the interiors. The shells, reading from the top left-hand corner, are, in the first row, those of the common whelk 
and the scorpion shell ; in the second row, the murex, the pheasant shell, and the strombus ; in the third row, the harp shell and another 
t]rpe of murex ; and in the bottom row, the dolium, the fusus and the trochus or peg-top shell. It is marvellous when one sees the 
immense variety and ^auty of the shells found in different seas of the world, to think that these ace all made by lowly creatures from 
lime and other materials extracted from the sea water and wrought into various colours and designs 
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THE GREAT SOUTH SEA BUBBLE 

A good many people seem to think that the age in which we live is particularly notable for speculation and 
gambling. But although in these days there are plenty of people who want to get rich quickly without working* 
there has never b(^n such a mania of speculation as took place in the eighteenth century, when millions of 
pounds were lost in what has come to be known as the South Sea Bubble. Here is the story of this mania 


A ny commercial scliemc which 
attempts to draw money from 
the public by dishonest promises, 
or any comjiany whose shares are by 
fraudulent or shady meiuis quoterl at a 
price far in excess of what they arc; 
really worth, is spoken of as a “ bubble.” 

It was Dean Swift, the author of that 
famous story, CxuIIiver’s 'Pravels," 
wlio first used the name ” bubble ” 
in this sense, mid it was the South Sea 
Company, a corporation whicli had been 
given by the English Oovenimcnt the 
exclusive right to trade with the 
Spani.sli coasts of South America, tha.t 
was christened by him the South Sea 
Bubble. 

“ Bubble} " is an excellent n.im(‘ for 
such dishonest business concerns, for 
just as a bubble that is blown bigge^r 
and bigger bursts at last, these busi- 
nesses inflate the ])ric.<^ of their shares 
until at last they get so huge that 
people Ix'gin to suspect them, and then 
the ]n*ice comes down with a crash, 
just like the bursting of a great liubblo. 

The early part of the eighteenth 
renliiry was a time when peo]>ie had a 
mania for getting rich quickly. In 
this re.s|X‘Ct it wa.s not unlike the day.s 
in wliich we live. IVople relied far 
more on gambling than on hard work 
to get on in life, and just as in recent 


years people liave contributed millions 
of pounds to sweepstakes and question- 
able' ('.omtiK'reial concerns m the hope 
that tens of millions might be won in 
red urn for no work, so the same kind 
of thing went on early in the eightcnuith 
century. 

'file greatest and most famous of all 
the get-ricli-quick scheme's was that 
which lives in history as the South Sea 
Bubble. The scheme beg.ui in a 
c urious way. and at first the intention.s 
of the promoters were honest, even if 
they were mistaken 

Horror of a National Debt 

Those were the infant days of the 
National Debt, and statesmen had a 
great horror of the mition incurring 
any debt at all. They feared the' debt 
would go on mcreasing so that in the 
end it c ould not be rc*]iaid. 

When Queen Anne came to the 
throne in jyoa the National Dc'bt 
amounted to ;^i6.ooc>,ooo, and at her 
death ill J7i/i had increased to 32 
millions. This i|icrc*ase was causc*d by 
the W'ars in whicll( John Chiiri hill, Duke 
of Marlborough,! won his great vic- 
tories. We an k|fiow alxnit the battles 
of Blenheim, Ha^illies, Oudc'iiard and 
Malplaquet. Th|jy stmid out on the 
page of liistory . as among llic most 


brilliant victoric^s won on the continent 
of Kiirojie. But after the cheering is 
ovc'r wars always have to be jiaid for, 
and so in Anne's short reign of twelve 
c;ars the National Debt had increa.sed 
y Zdb, 000,000 

It IS not surprising, therefore, that 
in tho.se early days oif the eighteenth 
century^ thc} National Debt was looked 
upon as mi object of dread. Neverthe- 
less. It is interesting to speculate what 
the statesmciii of Queen Anne's and 
King George the First's days would say 
if they could return to the setmes of 
their exploits and learn that two cen- 
turies later the National Dtbt had 
mcTeased to over 7,500 million pounds ! 

Now all this talk about the; National 
Dt'bt Dciay seem to have little coiiiuh;- 
tion with the South Sea Bubble, but 
as a matter c.)f f;rct the connection is 
v'ery close' 

Th(‘ South Sea Company was formed 
in 1711 m Queen Anne's reign by 
Robeit JIarley, Earl of Oxford, wfiu 
was the l^ord High TreasuriT of Eng- 
land, and his objec-t was to improve the 
public credit, for then, as now, people 
were very nervous about what was 
going to hajijien to their savings auid 
to the money tliciy had lent to the 
country, should the credit of the 
nation go down. 



The scene in the City of London during the South Sea Bubble. From the painting in the National Gallery by £. M, Ward, R.A. 
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Kver since the days of Drake and 
RiileiRh and the raids on the treasure 
ships of Spain, there had been a 
pojjular idea in England that the gold 
a!Kl silver mines of Peru and Mexico 
wt»re inexhaustible, and that in order 
to get rich very quickly it was only 
ne(.essary to trade with the Spanish 
colonies. If English manufactures 
could be* sent out to the South American 
ports they would certainly be paid for 
a hundredfold in gold and silver ingots. 

A report was ver>^ carefully spread 
about that Spain was willing to open 
four of her ports on the coasts of Chile 
and Peru for the purposes of English 
trade, and people who invested their 
money in the South Sea Company had 
visions of the immense wealth which 
was coming to them, just as people 
who buy a ticket in a sweeefystakc 
always think they are going to gain a 
big prize, forgetting the millions of 
losers, who, if they formed a pro- 
cession, would take many weeks to 
pass a given point. 

But when the Treaty of Utrecht 
was signed which ended the Con- 
tinental wars, it was found that 
Spam was not at all ready to open 
her ports to English trade, In fact , 
the King of Spain had never ha<i 
any intention of allowing the b^g- 
li.sh to do business with his South 
American possessions. The only 
concessions he would make were 
that the English might send one 
small ship once a year to trade; with 
Mexico, l^eru or Chile, the size of 
the ship and the value of the cargo 
being strictly limited. Further, he 
even gave the dreadful privilege, 
which was to last for thirty years, 
of supplying negro slaves from 
Africa to his colonies. 


Royal Pickings 

With reganl to the one small ship 
of merchandise which was to be 
allowed to go to South America 
from England every year, even this 
was not without the condition that 
the King of Spain was to take one- 
fourth of the profits, and a twentieth i 
of the remaining three-quarters. 

However, people were so keen on ^ 
getting rich quickly and were so 
(lei tided as to the vast hordes of 
gold and silver which they suppo.sed 
were waiting in Spanish America, that 
nothing could undeceive them, and the 
shares of the South Sea Company went 
up very much in price 

It was not till 1717 that the first 
annual ship made a voyage, and then 
in the following year war broke out 
again with Spain, all British goods in 
South America were seized, and of 
course trade ceased entirely. But still 
the foolish public thought there was a 
fortune waiting for everyone who could 
have a finger in the South American pie 
When King George I opened Parlia- 
ment in November, 1719, he said, 
addressing his faithful Commons, 1 
must desire you to turn your thoughts 
to all proper means for lessening the 
debts of the nation," And here comes 


in the connection between the National 
Debt and the South Sea Company, 

In January the following year a 
proposal was read to the Hou,se of 
Commons from the South Sea Company 
offering to take over a large part of the 
National Debt, transforming the 
Government stock into st(x:k of the 
,South Sea Company. 

The idea was very popular with large 
sections of the people, and the scheme 
would probably have been adopted 
almost at once, but that the Bank of 
ICngland, which was the other great 
financial corporation of the day, offered 
flutter terms. Then the South Sea 
Oimpany raised its terms, and after a 
great deal of squabbling a Bill was 
passed through both the Housci of 
C'ommons and the House of Lords 
enabling those to whom the nation 
owed money to take shares in the South 



Bankers who had lent great sums were ruined and 
had to shut up their shops and flee the country 


Sea Company in place of their claim 
upon the luition. 

Of course, the prestige of the South 
Sea Company was greatly increased 
by this deal, especially as, by clever 
manoeuvres, the price of its stock was 
sent up by leaps and bounds. When we 
read the history of the South Sea 
Bubble we almost feel we are reading 
a newspaper account of some of the 
bubble companies and financial di.s- 
asters of our own times. 

All sorts of rumours favourable to 
the Company were circulated in order 
to send up the value of the shares. 

The company of merchants trading 
to tiie Soutn Seas would be the richest 
the world ever saw, and every ;£ioo 
invested in it would produce hundreds 
of pounds a year to the stockholder. 


Perhaps it is not surprising that in a 
very short time the shares of ;fioo each 
were selling at ;f400. 

A historian says that " it seemed at 
that time as if the whole nation had 
turned stockjobbers. Exchange Alley 
was every day blocked up by crowds, 
and Cornhill was impassable for the 
number of carriages. Everybody came 
to purchase stock. Every fool aspired 
to he a knave.** 

But now the shares began to go 
down again, and they fell as low as 
{290 each. The directors of the 
Company, however, were equal to this, 
and sent people among the crowds in 
the streets to gather little knots of 
listeners and talk about the enormous 
treasures of the South American seas. 
I'hese tricks had their effect, and the 
slightest rumours sent up the stock once 
more higher and higher. One strange 
rumour was that the Spanish Ck)v- 
eriimeut had agreed to exchange 
Gibraltar for some places on the 
coast of Peru, and that the South 
Sea merchants would be allowed to 
build as many ships as they liked 
and carry on trade without having 
to pay anything at all to the King 
of Spain. 

Money Madness 

When the speculating fi'vcr was 
at its height the directors of the 
(Company opened their books for a 
subscription of a million pounds, 
but they would only sell the shares 
at 1(300 for every /loo of actual 
capital on the books. 

People went ab.solufely mad. 
J'hey could not sub.scrilx; fast 
enough. The streets were blocked, 
desks and tables and chairs w(jre 
brought out in the roadways so 
that people might fill up their 
forms, and it is said that a 
hunchback allowed his poor bent 
back to be used as a desk at .so 
much per customer. 

In a very short lime two million 
pounds* wortli of stock had been 
subscribed. In a day or two ca('h 
;iioo .share st<X)d, not at /300, but 
at £340. 

Then the director.s declared that 
they were going to increase the 
mkisummer dividend from 6 per 
cent, to 10 per cent., and that all new 
subscribers would be entitled to this 
return on their money. The unfor- 
tunate public took the bait, and when 
the directors opened another subscrip- 
tion for a million pounds, in which 
each £100 worth of stock had to be 
bought for £400, a million and a half 
pounds were subscribed within a few 
hours. 

The great financial bubble was blown 
bigger and bigger. Joint stock com- 
panies started up everwherc. They 
were called bubbles by the few sensible 
people tbat remained, but nothing 
could undeceive the public with its 
visions of easily-won fortunes. Every 
evening, we are told, produced new 
schemes, and every morning new 
projects. The most exalted of the 
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aristocracy were as eager in this hot 
pursuit of gain as the most humble and 
plodding citizen. The Prince of Wales 
became governor of one company, and 
is said to have cleared ^^40,000 by his 
speculations. 

Some of the schemes sounded reason 
able enough, but others seem more like 
intentional jokes. Nothing, however, 
was too ridiculous for tlu^ public to 
swallow. One of the projects was for 
the establishment of a company to 
make deal boards out of sawdust ; 
another with a capital of 1,000, 000 
was for a perpetual motion machine: 
imother to fish up wrecks off the Irish 
coast : another to make salt water 
fresh ; another for extracting silver 
from lead ; another for changing quick* 
silver into hard metal ; another for 
importihg jackasses from Spain ; an- 
other for fattening hogs ; another for 
improving gardens. But perhaps 
the strangest of all was “ a com- 
pany for carrjdng on an under- 
taking of great advantage, but no- 
body to know what it is.** 


The Height of Folly 

It seems dill'icult to think that 
there can have been people fool i si i 
enough to give their money to pro- 
moters of .such a .scheme. But the 
man who invented the swindle knew 
wliat he wfis about. He declared 
m Ills prospectus, or statement, that 
the capital required for this under- 
taking was ;^5oo,ooo, wliich was to 
be divided into 5,<k>o shares of a 
hundred pounds each. Each in- 
vestor was to deposit £z ]>er si i are. 
and upon doing this he would at 
once become entitled to ;£ioo a year 
Nothing was siiid as to how this 
immense profit was to be obtained, 
but the subscribers were told that 
they would have to wait a month 
for full particulars, when the re- 
maining of each share would fall 
due. 

At nine o'clock on the morning 
after the prospectus wa.s issued an 
office was opened for the bubble 
company in Cxjrnhill, and all day 
long queues lined iq) and crowd?» 
fought to be among the first to gid 
in. At three o’clock the olfice was 


“ Globe Permits ’* were issued, at 
prices up to 60 guineas each, and then^ 
was quite a rush to obtain tlu'in. 
Thev were stpiare pieces of playing 
ciinl, with the impression of a seal in 
wax, bearing the sign of tlie Globe 
Tavern, near Exchange Alley, and tlu* 
nis(:ri])tion “ Sail-Cloth Permits." Tlie 
purchasers were fold that the cards 
gave them permission to sub.scribe at 
some future time to a new sail-cloth 
manufactory, projected by one who was 
then known to be a man of fortune. 

No doubt riicuiy p/ople had an idea 
that tlie .scliomes were iraiids, but they 
subscribed in ord<‘r to become owners 
of shares wliich were going up all the 
time, and which might, in a few days 
or weeks, be sold at enormously 
incrcaserl tirices to other dupes Indeed, 
buying and selling went on together, 
and so wild wa flie confusion of the 




The treasurer of the Company packed up his books and 
embarked in disguise on a small boat in the Thames 


tlu‘ directors be<‘am(^ greatly alarmed. 
To send up the prici* once more they 
gave instructions to their agents to buy 
up shares, and this restored confidence', 
and by evening the stcK'k had advaiice/l 
continued at this price for 
nearly a month, and then began to go 
up again till at last each £100 .share was 
quoted at the enormous price of £1,000. 

But soon the price Ix'gaii to go down 
again, and a month later it was only 
£700 

At last the bubble burst. Attempts 
were made to persuade the Bank of 
England to circulate the South Scsi 
('ompany’s bonds as though they wen* 
hank notes. But th(' Cximpany's stock 
went on falling, and many goldsmiths 
and bankers who liad lent great .sums 
upon the st'ciirity of South Sea stock 
wer(' ruined and liad to .shut uj) their 
shop> :ind flee the country 

The treasurer of the Company, a 
man named Knight, packed u}) liis 
l)(X)ks mid doeuimuits iind em- 
l)arked in disguise on a .small boat 
in the Thames riience he pro- 
ceedexl to a vessel hired for the pur- 
pose. and was soon safely in Calais. 


Thousands Ruined 

And now’ the vast extcuit of the 
fraud that had been ]>ractiseil on 
the public was made plain " Thus 
were seen," .says a Parliamentary 
history of the time, " in the space 
<’1 eight months, the ns(‘, progress 
and fall of that mighty fabric, which 
being wound up by mysterious 
springs to a wxmderful height, had 
fixed the eyes and expectations ot 
all Europe, but whose foundation 
being fraud, illusion, credulity and 
infatuation, fell to the ground as 
stKui as the artful management of its 
directors w’as discovered." 

Thouscinds were ruined. One man 
who, in t he ])ride of speculation, had 
siiid that he would fct*d Viis hor.se 
upon gold, was reduced almost to 
bread and water hinrself. 

When inquiry came to be made it 
was found that even the Chancellor 
of thi» Exclieqiior and other mem- 
bers of the Government had shared 
in the plunder. 

Those who, when they believed 


closed for the day, when it w’ius lound 
that no fewer thiin 1,000 shares had 
been subscribed for and the deposit on 
each paid. The gentleman who ]>lanned 
the company had thus in six hours 
secured £2,000, and with this he de- 
cided to be content. So he set olf the 
same evening for the Continent, taking 
the money with him, and was never 
heard of aghin. 

No wonder Dean Swift, comparing 
Exchange Alley in London with a gulf 
in tlie ^uth Seas, exclaimed : 

Subscribers here by thousands float. 

And jostle one another down, 

Each paddling in his leaky boat, 

And here they fish for gold and drown. 

Still the swindles became more 
impudent. What were known as 


crowd.s in and al)Out Exchange Alle\ 
that shares in the same bubble compan}' 
were sold at the same instant at a far 
higher price at one eiul of the Alk‘y 
than at the other. 

Sir Robert Walpole, the statesman, 
foresaw the end of all this, and wa^ 
greatly alarmed, and the King published 
,a proclamation forbidding brokers to 
buy or sell shares in bubble companies, 
and threatening prosecution to those 
who did. 

But South Sea stock went on rising, 
and in four days it leaped from £550 
to £890. Many people began to feel 
that it could rise no higher, and they 
hastened to sell each £loo of stock 
for £8f)0. So many sellers were there 
now and so few buyers, tliat in one day 
the stock fell from £890 to £640, and 


they were going to multiply their for- 
tunes by ten, had lauded the directors 
of the South Sea Company to the skies, 
now cried out for their blood. 

Some of the fraudulent promoters 
and triends of the scheme were brouglit 
to trial, but few were punished. A 
portion of the money was recovered, 
and in the end subscribers received 
about one- third of the nominal value 
of their shares. But, of course, thi' 
millions which people paid when the 
shares were solci at four, five and ten 
times as much as their price in the 
Company’s books were entirely lost. 

Naturally, it was a long time before 
public credit was restored, and although 
there have been times of mad specula- 
tion since, there has l>cen nothing quite 
sb extensive as the South Sea Bubble. 
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DOMESTIC ANIMALS THAT CHEW THE CUD 





When visiting or passing through the country we cannot help noticing that the cows and sheep in the fields, when standing or j^ng 
sUuf areSimtly moving their mouths as though chewing food. As a matter of fact that >s what they are ^7. 

Mong to I group of animlls that are called by men of science ruminants, and the word means <• an an.m^ that cud. 

Wh#n th« Animals are movine their mouths in this way we say they are chewing the cud, cud being only another word for 
the food which they arc masticating. Here we see cattle in a field chewing the cud as they stand among the grass after grazing 



These sheeo are feeding and many of them also are chewing the cud. Animals which are vegetarians have to eat a much larger 

quantity of^ food than those animals whose food consists of flesh. Cons^uently tlwir U?B^‘auaSitres"storS^’ 

As we ^ on page oio, the stomach of a ruminant consists of four compartments. The food is t^en m large quantitiM, up, 

and^en SStiiated the animal at its leisure. The cow, sheep, goat, camel, deer and antelope are all ruminant animals 
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WHY COWS AND SHEEP CHEW THE CUD 

Why do cows and sheep chew the cud, while animals like dogs and cats do not do so ? It is all a question of 
diet, and the digestive organs of the animals and their habits are adapted to the kinds of food they eat. 

This curious mailer is explained on this page 


T iif bodies and organs of living crea* 
lures arc woudeifullv ad,ipt(’(l 
to their needs, 'J'his is well 
illustrated in the t aso of the dig(*s1iv(‘ 
apparatus of mammals. animals 

that live entirely on flesh and as a 
consequence are kia^wn as carnivorous, 
from the Latin word earn is, meaning 
flesh, have coiiqiaratively simph' diges- 
tive organs. The lood goes direct into 
the stoniat'h, is quiekly digested by the 
juices there produced aiul its nourishing 
parts are absorlied by the bod3^ while 
the retu.se is passed oft. 

On th(‘ other hand, the digestive 
organs of th(‘ ruminants, that is tlie 
animals that live on vt'gtdable matter 
and chew the cud, an* very dirt<‘rent. 
as we can se<; from th(‘ picture of the 
composite stonnich of a sheep given on 
this page. There is a very small quan- 
tity of nutritious matter in j'lroportioii 
to the bulk of vegetation which they 
consume, and so a much more com- 
plicated apparatus for digestion is 
ne(?<led. Here the stomach, instead of 
being a single chamber, is Join told, 
Wdien a cow or .sheep nibbles oti the 
grass in the meadow, it passes down the 
gullet from the mouth into the first 
compartment or largest of the foui 
stomachs, known as the jiaunch or 
rumen. I'liere it is .softened by nmistun* 


tot some tune, and finallv pas.se^ into 
tht’: si\r)iid compart iiK'nt known as tlu* 
refuailum or honevcoinl). This is given 
the Latin name reticiilum, meaning 
“ a httle net." Ijecaiise it has inside a 
network ol small udls. 

Here the process ot softening is con- 
tinu<‘d, and then thr reticulum fon es 
thetood u]> the channel into the mouth 
once more. 'H e animal now chews it 
ag.iin and again till it is much mon* 
finely minced, and when weset'aiow 
or a sheep in a field constantlv moving 
its mouth this is what it is doing. 

A Wonderful Process 

'riie lood IS now swallowed a second 
fime, and jiasses into tlw* third rom- 
|Kirtment known as tlie psalienum or 
manyphes. J'he latter name is given 
because the conqiartinent has many 
folds in its lining, and it is calk'd 
psaltcrium liecause of a fancied re- 
semblance of tJie folds to tlie strings of 
a psaltery or harp. . 'Phis simply 
receives the somi-thnd food in order to 
pass it on to the fourth rompattinent 
known as tfie atboinasum. 'Phe word 
means " from tte' omasum." that being 
the I. at in nani©; fot the third stomach. 

Phis is very ^uch like the simple 
stomach of tnifi carnivorous animals and 
]n-oduces gastric juice which acts upon 


and linallv digests the food. We might 
wonder why tlu* lr<vshlv-eiiten food 
jiassmg down the a'^ofduigir. always 
goes into th(‘ p.mm h or first stomach, 
and why. when it is .swalknvecl a seciind 
tune properly mastic.itisl. it always 
passes into thi' manyphes nr third 
sloin.ieh. Well, by a wnmlertul arrange- 
ment, v\di('n the animal swallows tlie 
coarse and luilky food and this arrivt's 
at the i>oint wlu're tin* (esophagus 
opens out into a channel joining the 
various cotufiartments it. by its shoei 
siz(‘. o]>eiis the lips ol a gioove leading 
into th(i paunch. 

When, however, the animal swallows 
lor the .S('Cond time smaller quantities 
(d’ .st*mi fluid food which lias been 
thoroughly chewed, the pressure; is not 
sufficient to open tin* groove into the 
Ii.umi'h, and so it passes the other way 
into the manyphes. 

The alimi'iitary canal or intestine of 
an animal that chews the cud is ex- 
ceedingly long ; in a sheep it is 28 
limes till* length of the body. This is 
to allow the food to come in ('ont.ict 
with a very large extent of absorbing 
surface, so that the maximum of 
nutritious matter may In* abstracted 
fn.)in it. In man the ahmi'iitary 
canal is only about nine litne.s the 
length of the body. 



Here we see how the stomach of a ruminant animal that chews the cud has four compartments. The herbage, when eaten, pas.ses down 
the gullet into the first compartment, called the rumen or paunch. After being moistened it passes into the second compartment call^ 
the reticulum. There it is further softened, and is forced up into the mouth once more, where the animal masticates it again till it is 
finely minced. It is then swallowed a second time and passes into the third compartment or psalterium. At last the food goes into the 

fourth compartment* or abomasum, where it is finally digested 
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HOW A SEEDLING FINDS ITS WAY 


N O matter in what position a seed 
may he planted in the ground 
tlu; root when it sprouts always 
j»rovvs downward into the soil, and tlie 
shoot that will hecoino the stem and 
leaves grows upwaird towards the 
sunlight and air. 

t)f course we cannot sei* the plants 
genninating in tlie ground, bill by a 
sim]>l(‘ experiment we can w<it('h 1oi 
ourselves how they behave. 

If we take a lamp chimney and fill 
it with wet peat moss or sawdust, and 
then |)kice some bt‘aus in different 
])ositions round the side, so that wa* 
can see them, w'e shall l>e able to watch 
the way they grow. 

A gCK)d scheme is to roll up a cvlind(‘r 


ot the plant contain !(x)se granules of 
starch, and these always Ite on the side 
of the cell which is tx>ward the FCarth. 
The ])lant only grow's normally wdien 
the starch grains lie on thf‘ proper side 
of the cell. ' 

If lht‘ seed is plaiiiod iii the wrong 
position and the. green shoot comes 
out sidmvays. at onc.e tlie starch grains 
m the I’ells ot the growing tip find 
themselves in the wrong position. The 
cells ;it once start growing crooked, so 
that the starch grains may take up 
their right position, and lie on the 
correct side of the cell. Bidorc long 
tht‘ whole slioot has a<i justed itself, 
and then tlie growing upward continues. 
The same is true of tlie root cells, 


There is another interesting thing 
about seeds. We cannot live without 
breathing, neither can an animal, nor a 
plant. But the same thing is also true 
of seeds. We buy a packet of seeds, 
large or. small, and turn them out on 
the table, and they look very dry, and 
(ertainly we should not say from 
appearance.s that they were breathing. 
Hut they are, and it we prevent them 
breathing, that is, if we place them 
w'here they cannot get oxygen, they 
will soon die. If, “for instance, we 
placed them in a box or bottle from 
which all the air had been extracted 
and left them there, they would perish. 
By means of very delicate apparatus 
scientists an* able to measure the amount 


of wdhte bh)ttiiig-pap<ir 

and place this in the 

glass, putting the peat 
moss inside; but not 
very tightly. Then we 
push the beans into 
position betw'ecn the 
glass and the pajxjr 
with a piece of wire. 

Before they are planted 
they should be soaked 
in water for from 
twelve to twenty-four 
hi>urs. They absorb 
water and b e c o in e 
larg(‘r, and the coat 
bt'comes wrinkled. 

Signs of Life 

After a tew' days in 
the glas.s signs of life 
appear. The root be- 
gins to grow out ol the 
liollow or concave side, 
and no matter in w hich 
direction this is point- 
ing, the root immedi- 
ately stiirts growing 
downward. 

Then the two halves 
of the lx;an sw^ell, the 
outer coat cracks and 
liegins to slip oft, and 
tlie stem grows up- 
ward. After a time 
sv<; can see that the 
stem growing up is the 
continuation ot tlie 
root growing down. 

The bean is only a 
familiar example of A simple experi: 
wrhat happens in Iht; 
case of allseeds — peas, wrapped m bio 

acorns, and so on. 

Now how is it that the baby plant is 
able to find its w^ay up and down ? Tlie 
nx)t never grows upward and the stem 
never grows downward into the ground. 
If tliey come out of the seed pointing 
in the wrong direction they at once 
turn round and take the right road. 

Well, men ,of science tell us that 
plants, like ourselves, are able to 
perceive the pull of the Earth. We 
always know which end of us is up and 
which is down, and in the same way 
the plant has a sense of direction. 

This is believed to be due to the fact 
that the tiny cells in the growing tips 


Blottif-fg paper 



A simple experiment that enables us to see how a seed p^erminates and develops 
into a plant. We place beans in a lamp-glass which is filled with damp moss 
wrapped in blotting-paper. Every stage of the growth can then be followed 


onl)^ in the opposite direction. Here 
the normal position of the'starch grains 
is at the forward end of each cell, which, 
as the plant grow.s, points downward. 
Should the sprouting seed lie in a 
wrong direction, so tliat the root comes 
out sideways or from above, in some 
way the cells alter their growth so that 
the starch grains may take up their 
normal position. 

It is very ingenious, and we may all 
be thankful that the seeds do know so 
well how to grow. Otherwise probably 
nine-tenths of what we plant would 
never come up at all. 


of oxygen which 
a dry seed breathes 
in. It is, of course, a 
very mmutc quantity, 
but small as it is, it is 
es.sential to the seed it 
later on it is to develo]) 
iuid sprout into a plant . 
When the seed 
planted in thi* soil it, ol 
course, breathes mucli 
fa.sler than it did when 
it wfLS dry in a box or 
packet. 


Seed Experiments 

There are, howevei . 
two plants who.se .seeds 
are exceptions. AJ»'i])- 
aiusse scientist shows 
that rice grain.s, which 
are really the insiders 
of rice seeds with the 
husks removed, wnll 
sprout in a sealed 
bottle from which all 
air has been with- 
drawn, and an Ameri- 
can scientist has found 
a wild gra.ss which 
grow^s in California, 
curiously enough as a 
weed in the rice fields, 
which does the satm* 
thing. But in both 
cases the seeds, in ordei 
to sprout, must be 
damp, and the ex- 
planation is that they 
get their oxygen from 
tes and develops the water, so that in 
with damp moss sense they are no 

then be followed exception at all. All 

seeds must have oxy 
gen if thev arc to continue growing. 

All seeds liave food stored up inside 
them to furnish nourishment to the 
embryo plant from the time it begins 
germinating until as a seedling it has 
established itself in the soil and can 
obtain food for itself from outside. 
Sometimes, as in the bean and pea, the 
food is stored up in the cotyl^ons or 
.H(»ed leaves, while in other plants, such 
as maize and wheat, the fo<xl is stored 
round or at the side of the embryo. 
In that case the part containing tlie 
food is called the endosperm, which 
means '‘the inside of the .seed.’* 
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THE LIFE-STORY OF A COMMON BEAN 



Here in this page we see the life history of a common garden bean. The beans which we see in the pods are really the seeds of the 
plant, and when put into the earth under suitable conditions will germinate and produce new plants. When a bean is planted its skin 
ts tight and smooth, but it soon takes up moisture, and the coat swells and becomes loose, for it absorbs water faster than the embryo 
inside. After a time, however, the embryo also swells as a result of absorbing moisture, and the seed becomes plump once more. 
Then the part inside which will become the root gets longer and, piercing the seed coat near the scar, iuts out. ft grows downward 
into a long, slender, conical root on which many root hairs (soon appear. The part which will become the stem and leaves, and lies 
between the cotyledons or two sides of the bean, also grows and travels ^upward, forming a loop and carrying the cotyledons with it 
It develops leaves first of all, then buds, which open into flowers, and after these are fertilised a s^ pod forms with the seeds or beans 
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THE GENTLEMAN IN A WHITE COAT 

The polar bear is a very picturesque animal, and is always popular at the London and other Zoos. But it is not 
a pleasant creature to meet in its native haunts when it is hungry. It does not, like some wild animals, flee when 
it sees a man, and hac often come up behind hunters while they were skinning seals and attacked them. 

The only chance for a man thus taken unawares is to pretend to be dead, when the bear retires to a distance 
watching the supposed body. The man then has a chance, if his weapon is near, of shooting the bear. In these 
pages we read many interesting things about the polar bear and its habits in the natural state 


T ill’ polar Ix^ar is clisliiiguislKwl from 
all otlior brars by its white coat, 
and it is curious tliat unbUo most 
white mammals it retains its distinctive 
livery at all seasons of the year. 
ICxplorers often speak of it as “ the 
gentleman in a white coat ” 

Further, wliereas other bears seem 
to hav'o rather large heads, the polar 
bear’s head appear-, too small for its 
body. Its neck also is longer than 
that of other bears, the ears are 
exci*plionally small, anti the soles of 
thtt feet have* hair growing on them, 
which IS a useful provision of Nature, 
for it enables the boar to walk and 
run easily over the slippery ice. 

But while its head is small, the polar 
bear itself is one of the largest members 
of its family, and it 

often reaches a length 

of nine feet. A full- 
grown polar 1 »ear 
weighs six himdrcd- 
wcMghts or more. 

It is found right 
through the Arctic 
regions, and sometimes 
doats across the sea on 
an ice-floe and lands 
in Iceland, When this 
. occurs there is a gtmeral 
hue and cry, and the 
jx)lar bear is hunted 
till it is killed. 

A Lover of Cold 

It does not favour 
the haunts of man, and 
as certain regions of 
t he Arctic become 
more populated the 
polar bt‘ar retreats. I ri 
Labrador, for example, 
it was at one lime quite 
common, but is now 
rarely seen 

It seems to love the 
cold, and lives on coasts 
and islands that are 
ice-lockcd for a great 
part of the year. It 
feeds upon the flesh of 
seals and walruses and [ 

wliite whales, and in j 

certain districts con* 
sum<?.s large quantities 
of fish, including 
salmon. It also cats 
such vegetable sub- 
stances as seaweed, 
grass and lichen, and 
in summer lives princi- 
pally oil these. 

Travellers in the far 
north often kill tfie 
polar bear for f(x>d, axicl 
if the animal is not too A poll 


old Its flesh is quite palatable. In taste 
it IS something between pork and beef, 
and ill colour resembles veal. 

It used to be thought that the polar 
bear hibernated, but it is now known 
that this IS not correct. The female, 
however, often retires to a “ den 
in the snow and remains tliere for 
weeks, where she bring.-i forth hiT 
young She docs not sleep or become 
torpid, Slie simply remains (]inetly 
in luT reln;at and lives upon the fat 
which she has eiccumulafetl in her 
IxHly during llu' w.irnier months. 
This enables her not only to live 
herM'lf, but to nourish her young. The 
males, howev€?r, do not retire, but 
wander about on the ice during the 
long jJolar night. 



A polar bear swimming among the ice in Greenland waters 


WJule the jiolar bears in their 
rictive state live round the coasts and 
f)ften sw im in the sea, the female when 
she retires for the winter at the begin- 
ning of October always goes some 
distance inland. She has one to three 
cubs at a birth. 

IVilar bears born in captivity seldom 
survive. The first polar cub reared in 
Britain was Bnmnis, born at the 
London Zoo, November 20, 1940, and 
named after her keripcrs, Bruce Smith 
and Sam Geddins (Sam being reversed). 

Thtt polar bear is not a plea.sant 
animal to meet, and it is often very 
bold. A young boar once climbed 
aboard Nansen's ship the Fram l)y 
the gangway, seized a dog and carried 
It oft the ship and over 
i he ice, w^hcre it ate it 
Later it returned and 
took a .second dog, and 
then a third. When 
chased by men and 
dogs It l>oldly faced 
tliem and then pursued 
and sci/x'd one of th(‘ 
men, Johansen, who 
had fallen on the ice. 


A Narrow Escape 

“ 1 thought It was 
all up with me," says 
Johansen, “ 1 h.ad 

neither gun nor knife, 
hut I took the lantern 
and gav(* him such 
what k on the head with 
it that the thing broke 
and went flying away 
over the ice. The 

moment he felt the 
blow he sat down and 
looked at rru?. 1 was 
just taking to my heels 
again when ho got up. 
1 don't know wfiether 
it was to grip me again 
or what it was for, but 
anyhow at that minute 
he caught sight of an- 
other dog coming, and 
set off after it and 1 
got oil board." The 
bear was eventually 
shot from the ship. 

Nelson once had a 
fight with a polar bear, 
when as a lx>y of fifteen 
he made a voyiige to 
the Arctic regions. He 
had heard that two 
ships were fitting out 
for a voycige of dis- 
covery towards the 
North Pole, and took 
the post of coxswain 
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WONDERS OF ANIMAL AND PLANT LIFE 


The vessels wept on the expedition 
and were for a ‘time iinprisoiuHl by 
ice. One night, during the mid-watch, 
young Nelson, taking advantage of a 
fog, stole away from the s)up and set of! 
over the ice with a single com- 
rade in pursuit of a boar. 

It was not long befon* he was 
missed, and as the fog had now 
thickened the captain and his 
officers wore greatly alarmeil 
for the safety of the boy and 
his companion. Between three 
and four in the morning the 
W(‘ather cleared, and the two 
adventurers were then seen at 
a considerable distance from the 
ship attJicking a huge polar bear 

A Daring Boy 

At onci? tlie signal was made 
for them to return, and Nelson's 
companion drew his jittention 
to It and begged him to obey. 

Ihit the boy wanted to conquer 
thii bear. He had firiMl at it, 
blit tlie musket had tlaslied in 
the pan and the ammunition 
was exhausted. 

“ Never mind," he cried, '* let 
me get a blow lit it with the 
butt end of my musket, and we 
shall have it.’* Ho would un- 
doubtedly have fought the b^ar 
with the musket, but fortun- 
ately for him then* was a chasm 


in the ice which divided him from the 
anim«d, and this fact probably saved 
his life. 

The captain of the ship seeing the 
danger ot the young coxswain fin'd 
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A female polar bear with her cubs in winter quarters 
beneath the snow. A passage leads to the air outside 


a gun, which had tne effect of frighten- 
ing oft the animal. Nelson then 
returned, and was reprimanded sternly 
for his di.sobi'dience. 

The captain asked him what motive 
he could have for hunting a 
bear. 

" Sir," .said young Nelson, 
“ 1 vvisiied to kill th(‘ bear that 
I might carry the skin to my 
father," 


The Bear's Sagacity 

JV>lar bears sliow a gofxl deal 
of .s*igacity, 'Ihe (Mptain of a 
Gri‘enl,ind whaler was an.vious 
to plot tin' a specimen without 
injuiing the skin, and he tried 
the stratagem ot jilac’ing a 
noose ()1 rope in the snow 
and ])iitting a piece ol meat 
within it. 

\ bear enticed to the sp<»t 
perceived the bait, aivi seizi'd 
it in his mouth, but at tlu' 
same time its loot, by a jerk 
of the rope, Ix'caine entangled 
m the noose. The bear was 
Hvvn Ut push th<‘ ropi; off its 
loot with it.s other paw. and it 
then reined with the bait. Thi' 
n(K)se was baitt'd a .second 
time, and later llie b(?ar re- 
turned and carefully scraped 
away the snow and pushed 
the rop<‘ aside. 



Polar bewv are very playful, and at the London Zoo they like to have a ball or a tyre to play with in the water. Here we see one of 
. the bears, known as Sam, catching a ball that has been thrown to him by a keeper 



THE WORLD’S FIRST ATOMIC-POWERED SUBMARINE 








f * 


Laid doum %n i()52, tfie Nautilus was the wofld^s first atomic- 
pcntvred submarine and tms commissioned by the United 
States Navy in 1955. The suimtarine displaces 3,000 tons 
on a length of 300 feet, has a submerged speed of 30 knots ^ 
and can travel a distance of 30,000 miles without coming to the 
surface. The Nautilus is armed with torpedoes aftd guided 
tni^siles, and cost £10,337,0 >0 to build. 


When an ordinary submarine is submerged it moves under Because the production of atomic energy does not consume 

water by means of electric motors taking current from much air and does not release poisonous exhaust fumes, 

storage batteries. The current lasts for only a few hours, nuclear hssion answered the problem of finding an engine 

even if the submarine is travelling at low speed, and in that would operate continuously while a submarine was 

order to recharge the batteries the submarine must come submerged at its maximum operational depth. In the 
to the surface. Recharging is from a generator driven Nautilus an atomic reactor is used to generate heat which 

by a diesel engine, which is also used to propel the vessel in turn converts water into steam. The steam then passes 

when on the surface. The diesel engine can be used to through turbines which in turn revolve the submarine’s 
drive the submarine under water as the engine must breathe propeller shaft.s. The reactor, and the screening necessary to 

in air and breathe it out again ; and the air breathed out protect the crew from the dangerous radiation emitted, are 

is carbon-monoxide gas which would poison the crew. very similar to those of the atomic power station illustrated 

One method of supplying air to a submerged submarine's and described in pages 494-495, but on a much smaller scale, 

diesel engine and then carrying away the poisonous gas is The photograph at the top of this page shows the atomic 

to use a schnorkel tube which projects some distance powered Nautilus at sea. The drawing below shows the in- 

above the surface of the sea. One part of the tube draws terior of the submarine, and the smaller drawings the layout 

in fresh air and the other carries away the carbon monoxide of the engine, i, fuel elements ; 2, control rods ; 3, thermal 
gas. Unfortunately, a submarine using a schnorkel can shield ; 4, pressure vessel ; 5, pressurised-water inlet ; 6, 

move only a few feet below the surface, while the tube pressurised-water outlet ; 7, circulating pump ; 8, heat 

leaves a tell-tale wake which gives away to enemy ships exchanger ; 9, water inlet ; 10, water outlet ; ii, safety 

the submarine’s position below the surface of the water. shielding ; 12, steam drier ; 13, reactor vessel or casing. 



924 









Wonders of the SkyI 




THE EARTH’S PATH ROUND THE SUN 

Every boy and girl now knows I hat the Earth travels round the Sun, and not the Sun round the Elarth. But 
centuries ago even men of science thought the Earth was the centre of the universe, and that all the other 
heavenly bodies circled round it. Here we read the reasons why it is now known that it is the Earth that 

travels in an orbit round the Sun 


T he Earth travels round the Sun in 
a path that is almost, but not 
quite, a circle. It is known as an 
ellipse ; but, of course, the path is not 
so elliptical as is shown in gtiography 
and astronomy books. There the 
ellipse is greatly exaggerated for tlie 
sake of convenience, if the figure of 
the Earth’s path round tlie Sun be 
represented on paper iis it really is, it 
appears to the eye as a circle, so little 
does it vary froni a true circle. 

If we can get the use of a sclioolroom 
or other large apartment, we can draw 
on the floor an exact representation 
of the Earth’s orbit. We net'd a fltxjr 
space about 35 feet square. In thti 
middle of the space wo mark the centre, 
cuid on each side of this centre in a 
north and south direction we drive a 
small nail at a distance of an inch and 
a half. The two nails are thus three 
inches apart. 

Now we take a piece of string of a 
kind which does not stretch easily ami 
cut oft 200 inches, lying the ends to- 
gether so as to make a long loop of 
inches. One end of the loop we 
put round the nails driven into the 
floor. These nails project about an 
inch and a half for the purpose. With 
a chalk slipped into the other end ol 
the loop wc stretch the string taut and 
then walk round making a 
chalk line on the fh^or till 
we come back to the place 
where wc started. The 
result will lx? an t?llipse of 
exactly the same propor- 
tions as that of the Earth’s 
path. 

Now if we draw round the 
nail which is nearest the 
north a little circle eight- 
ninths of an inch in dia- 
meter, that will represent 
the Sun in the correct pro- 
port ion to the Earth's 
orbit, and in its right posi- 
tion inside the orbit. The 
Earth to he represented to 
scale could hardly be drawn 
small enough; it would 
have to be only one twenty- 
fifth of an inch in diameter. 

If, however, we can draw 
our orbit in the playground 
using a looped string 94 i 
feet, we shall then have to 
draw the Sun ten and two- 
third inches in diameter, 
and we can represent the 
Earth almost accurately by 
drawing a circle a fraction 


one-tenth of an inch m diameter. 
The greatest axis of the Earth's orbit 
is 186 million miles, and the distance 
round the orbit is ^H^,boo,0(xy miles. 
To travel round this great path taktfs 
the liarth exactly 365 days, 5 hour.s, 
48 minutes, 4O seconds, and on an 
average it trav^ds at i8.| miles [)cr 
.second ; which is much faster than the 
fiustest sii|x*rsf)nic rocket. 

Nine Miles in Half a Second 

'riits is a very great .speed, as we may 
realis<^ by a simjde experiment. Hold a 
pt'iiny between the fingers at a height 
of feet from the grouml. Nowsuddi'iily 
let the penny <lrop. It w'ill reach the 
floor in exactly half a second. Vet in 
that brief moment of time our Earth 
has moved forward in its orbit no less 
than oi miles. 

Hut its speed is not the same at all 
times in lh<‘ year. The reason is that tlie 
Sun is not in the centre of the orbit. 
In winter the Earth is about three 
million miles n^jirer the Sun than it is 
in summer. This has been discovered 
by measuring Sun’s disc through a 
telest'ope. I 

It appears a |ittl<? larger in winter 
than it does ha lummer. It is largi‘.st 
on January isti^id smallest on July ist 
each year, aiswjj Jjvhile from Janiiaiy to 


July the apjiarent size of the Sun gels 
gradually less, from July to January 
it increases. H is by making careful 
observations of the change in the appa- 
rent size that the exact form of the 
[‘larth’s orbit is discovered. 

Naturally, as tlie h'.arth is kept in its 
elliptical path bv the attraction of the 
Sun, that luminary’s pull is a little more 
powi*rful as the b.arth approaches 
nearer to the Sun, and the speed is 
thereby increased. 

The Earth is nearest to the Sun 
diiriiig the soulhiTii summer, that is 
when it is winter in Europe, and a.s 
our planet then moves more quickly, 
summer in the Southern Hemisphere 
does not last so long as summer in the 
Northern HeiTii.sphere. In the nortii it 
is S('vcu days longer than in the south. 

We live in a world of illusion ; that 
IS, w(* are deceived by wliat we see, and 
things are not at all as they seem. For 
instance, the ground on which we stand 
appears so very still, yet we know it is 
whirling round at many miles an hour, 
the rate varying acrording to the part 
of thi‘ Earth on which wc stand 

'riicu the Sun .setuns to lravt*l round 
the h'..irlh, coming up every morning 
in the east and moving in a semicircle 
acro.ss thc' sky till it diops in the west, 
when it continue> its journey and is 
seen by people on the 
other side of our globe. 
Yet. as we have stXMi on 
pages 561 to 564, the Sun 
does not travc'l round the 
Earth at all ; it only seems 
to do .so because the Kailh 
moves round on its axis in 
every twenty-four h ours 
bringing the Sun in vi<.w 
of every place on the 
Earth's surface in turn. 

Another illusion wc get, 
as we look up at the sky, is 
that we are in the centre of 
a great sphere and that the 
in.side of this sphere i.s 
dotted with little points ol 
light which we call sbirs. 
i^urther, if we watch these 
particular stars night alter 
night, we get the impression 
that the cidestial sphere is 
moving round us who seem 
to be at its centre. 

Hut men of science have 
discovered that this is not 
the case at all. The sup- 
l^sed sphere with points of 
light fixed on its inner sur- 
face is really the vastness 



Here is an interesting experiment. Hdd a penny four feet above 
the ground ; then let it fall. It soon strikes the ground^ but during 
the half-second in which it was falling you have travelled with the 
Earth in its orbit no less than mne and a quarter miles 
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HOW MEN USED TO THINK OF EARTH AND SKY 



Hundreds of years ago men of science had very incorrect ideas about the Earth on which we live and the sky above us with its twinkling 
points of light. In this picture we see the Earth and heavens as conceived by the great Greek philosopher, Aristotle, and his ideas 
held the field for centuries. The Earth was supposed to occupy the centre of the universe, and round it was a sea of air. Outside 
this was a region of fire, and then the various heavenly bodies like the Moon, the planets and the Sun circled in heavens of their own. 
Beyond these bodies was the heaven of the firmament which contained the Zodiac, or twelve constellations, shown on page 153. Then 
came a crystalline heaven, and finally the heaven which was regarded as the abode of the blessed. On the page opposite we see the 
true idea of the universe, which Is based not on theory or fancy but on actual observation 
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AN ACTUAL PHOTOGRAPH OF THE UNIVERSE 
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WONDI£JRS OF THE SKY 


of Space, atui the fKMuts of light are 
sc attered about in Space, some of them 
hundreds of millions of miles away, 
some thousands of millions of miles, 
and others millions of millions of miles 


course of thousands of years the posi* 
tion of the constellations hiis changed 
somewhat so that they do not now 
coincide exactly with the Zodiac. 

We have now learnt that the reason 


Sun is not quite in the centre of this orbit 
In the first place, according to the laws 
of motion which can be proved by ex- 
periment, two bodies which are both free 
to move revolve round their common 


ilistant. 

The motion of the .stars that cross 
the .sky, which suggests that the 
C(!l(‘stial sphere is moving round 
us, is due to the fact that our 
hearth is turning round on its 
axis once in every twenty-four 
hours. It is not surprising that 
men who studied the lieavens 
used to think the Earth was the 
centre of the Universe, and that 
the Universe consisted of a huge 
hollow globe. 

It was v(Ty early seen by 
astronomers that there wore two 
apparent motions of the Sun ~ 
one his seeming journey round 
the Earth every twenty-four 
hours, and the other a journey 
round a certain line or band in 
the celestial sphere. 

They beliiJved in this latter 
motion because they noticed * 

that at different times of tlu' hold a 
year different groups of stars ^ye, k< 
were visible in those parts of left! ^ 
the heavens ficross which the the rig 
Sun moved in its daily journey. 
rhe zone or band in which the 
apparent annual path of the Sun in 


di 0 ereut stars appear in the sky at centre of gravity. Now the Sun is more 
different times is not that the Sun is than a million times as big as the Earth, 

and its ma.ss or weight is 330,000 







This experiment will illustrate what is known as parallax. 
Look at a distant object like a church spire with both eyes and 
hold a finger immediately in front of it. Now close your right 
eye, keeping your finger still. The church spire appears on the 
left. When you close the left eye the church spire appears on 
the right. In the same way the stars appear in different positions 
when looked at from different parts of the Earth's orbit 


moving in a circle through them, but. 


times that of the Earth, while its 
diameter is some 867,000 miles. 
If then the Earth and Sun follow 
the laws of motion they will re- 
volve round their common centre 
of gravity, which is a point very 
near tlie centre of the Sun. We 
see this on page in. For this 
reason the Eartfi may be sup- 
posed to race round the Sun in 
iufi orbit, and all tests that can 
be applied prove it to bo a fact. 

Another proof that the Earth 
revolves round the Sun is furn- 
ished by what is known as the 
aberration of light. Tliis is fully 
explained on pages 391 and 392. 

Another proof that the Earth 
travels round the Sun is provided 
by what is known as the parallax 
of the stars, that is that they 
appear in slightly different 
positions when viewed from 
different parts of the Earth's 
erbit. This is explained in the 
upper picture on this page, 
n the tact that the Earth is 


the heavens was situated was called 
the Zodiac, from a Greek word mean- 
ing “iinimal circle." In this zone or 
band there were twelve constellations 
or groups of stars, many of which were 
named after animals, like the Ram, tlie 
Hull, the Crab, the Lion, the Scorpion, 
the Goat, and the Fish. In the Zodiac 
the Sun, Moon and Planets are always 
to bo found and tlie Sun's path is the 
central line of the zone. But in the 


that the Earth on which we live is 
moving in an almost circular path 
round the Sun, and that the Earth is 
tilted at an angle of about 23J degrees 
to tliis path round the Sun. 

We cannot tnice all the steps as know- 
ledge grew, but we may consider the 
various reasons men ot science have 
to-day for believing that the Earth 
moves round the Smi in a path or orbit 
that is not quite circular, and that the 


moving round the Sun travelling in one 
direction as it comes along one side of 
the orbit and then in the opposite 
direction as it comes round the other 
side of the orbit, is proved by observing 
the light of certain stars by means of 
the spectroscope. Tlie dark line.s of the 
spectra move differently according to 
whether we are travelling towards the 
star on one side of the orbit or away 
from it on the other side. 



If two posts be driven into the ground a foot and a half apart, and with a loop of string 94^ feet loi^ we draw an ellipse, as shown, 
this will represent the Earth's orbit in its exact shape. If, then, round the post nearer the north a circle is drawn ten and two-thirds 
inches in diameter, that will represent the Sun to scale. The Earth will be a circle one-tenth of an inch in diameter. 
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WHY THE RIVERS WIND AND TURN 


Wc do not have to know very much about rivers to realise that they vary a good deal in their character as 
well as in their size. Even in our own country there is much difference .between a slow-flowing, winding 
river like the Beaulieu in Hampshire, shown on the next page, and a swift-flowing river like the Spey in 
Scotland, or between the Mississippi and the Colorado Rivers in the United States. The reasons for the 

differences are discussed in these pages 


R ivers are of many kinds. Where 
they run through more or less 
level plains they usually wind and 
turn as do the Thames and b'orth, and 
many other rivers of Great Britain. 
But other rivers in rocky districts often 
follow more or less straight courses, and 
cut their beds deep down through the 
rock. The Colorado River in th(' 
United States flows in a chasm which 
is in parts a mile deep. 

Rivers, like human beings, may 


Thus the course of the river tends to 
wind, and whenever rain falls ov^er the 
area, tributary*^ streams are formed 
whicli run into the river and all have 
their part in levelling the country. 
Kvcntually, tfie river valley becomes 
more or less level, and as it does so 
the river tends to meander mon^ and 
more. We se(‘ this in many ot the 
rivers of ICngland. 

Sometimes where the river valley 
has become a level plain tile liends 


upper river joins the lower, matter is 
deposited and the bend or curve is cut 
off. forming what is known as an ox 
bow, or ercscei it -shaped lake. Ihe 
munc OX' bow is Irorn the curved part 
of a yok(* which fixes over an ox's neck. 

A curunis thing is that the exagger- 
at'd nu'andering of the river loading to 
the cutting off of tlu* bends lends at 
last to straighten its course once more. 

From all that has been said it will Ix'. 
seen that a river like the: Colorado is 


almost be .said to have life stories 
They are born, they have their 
cliildhood and youth, they pass mpi 
into adolescent:e and maturitv, 
and many of them reach old C 

age. As with human beings, - 
again, their appearance is very j 
different at different ages. 

A river is born, perhaps, as a 
spring emerging from the hill- 
side, or it may be a galley which 
lias been shaped by the down- 
rush of .stonn water aH<’r rain. 

Other gulleys carry water into 
it, and at first it runs straight. , 

It cuts out for itself <i ( hanuel 
m the soil, leaving steep banks 
011 either side. 

Its t'arly stages, like those 
many high-spirited, energetic 
boys, are generally turbulent. 1 1 
is impetuous and wants to rush 
on ever more tpiiokly. As it 
does so it digs its bed deeper and 
deeper, and if the surrounding 
area is dr>' and rainless, so that 
the banks do not get worn 
down, tile river flows in a 
channel which is called a, canyon 
with a precipicx' on either side. 

How Bends are Cut 

When the river is in flood th<* 
water is unable to spread side* 
ways and .so it rises raffidly on 
the canyon walls. At times the 
rise may be as much as fifty feet 
in a day or two. The river is 
therefore very swift-flowing, and 
sweep.s away all obstacles in its 
path. But if there is a fall of 
rock, fonning an obstacle on 
one bank, the current is thrown 
acro».s to the other bank, and 
begins wearing it away, cutting 
both down and outwatd. In 
this way a bend in the river is 
eventually formed, and the cur- 
rent is then thrown back to the 
other bank and at once begins Hovi 
to cut a bend there 


becxime so exaggerated that at 







How fiver in its youth carves a deep channel for itself 
with diff-like banks on either side 


.1 river in its youth, while a river 
like the Mississippi is a river in 
its old age. Tlie up|X*r reaches 
(vf a river really indicate youth, 
whilt' the lower readies, whert* it 
winds, an’ a sign of old age. 

Lord .'\vel>urv has pointed out 
that friction between the water 
and its cliannel ciiecks speed. 
The friction is greater at the 
bottom and .sides than in the 
cciilro and on the surface. 
Ifem e in a straight chaniud tlu* 
velocity IS greater in the middle 
than at the bottom or skU's and, 
of coiir.si’, it IS greatei in floods 
than at other times, 

A rate of ten miles an hour 
IS a rapid stream. The Thames 
I'uns at from two to thice miles 
an hour, and tlie J'yne from one 
to two VVMicn the resistance of 
any object lying in the stream is 
less tiian the force of the. w.iter, 
it IS moved on till it meets some 
obslael(; or comes to a, place 
where the slo])e of the bed re- 
duces the speed. 

Changing Speed into Work 

When running water has taken 
up af]uantity of earth a.nd stones 
Its energy is absorbed to some 
extent by the work of treinsport, 
and so its speed is diminished. 
In other words, the velocity has 
been converted info work. 

A speed of three inc'hes per 
second, says Lord Avebury, will 
move fine mud ; six inches per 
second fine sand ; eight inches 
sand as coarse as a jxia : twelve 
inches will sweep along gravel 
as large as a bean : twenty-four 
inches will roll along rounded 
pebbles an inch in diameter, and 
a speei) of three feet per second 
will sweep along angular stones 
the size of a hen’s egg. Of 
course, the scouring power of the 
river increases with the speed. 


929 


N 3 




This photograph, taken from the air, of the Beaulieu river in Hampshire shows the meandering type of river. With a slow current the 
least obstacle on one bank changes the direction of the flow and throws the water across towards the opposite bank which it begins to 
carve out, and so the curves and windings are formed till the river acquires the snake«like course shown here 



Here is the Colorado river, a very different type from the one shown above. Through the ages the swift-flowing river has been carving 
its bed out of the rock till now it runs through a great gorge which it has excavated, in some parts a mile deep. This form of river 
bed is due to the fact that the country is comparatively dry. and so there has been no rain with tributary streams to wear away the sides 
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THE STRANGE LIFE-STORY OF A RIVER 




WMoturitt/A 


IWvers, like human beings, have their birth, youth, middle-age and oM age. They are born from a spring or glacier or gully in w 
storm water collecte, and they then flow towards lower levels, cutting out a bed in rock or soil. At first a river’s bed is 
downward, I^t as tirne goes on and tributary rivers run into it, while rain and wind sweep over the banks, the bed becomes wider 
and the banks are worn more and more level. Here we s€?e in section form the various stages of a river's history 


which 
cut 





Slowino of current on this side f 



These pictures show how a river begins to meander and fofitt bends as it runs away towards the sea. On the left is the river in its 
youth, but a fall of rock or soil on one bank has formed an obstruction throwing the current across to the other bank, which it 
begins cutting out. The slowing of the current on the bank Where the fall occurred leads to a deposit of matter, and as we see in the 
right-hand picture, the result is f|ie formation of a curve in the river course 




At fast the cun/e becomes so great l 
fthat the upper nver joins the fom^ 
\ and deposited matter cuts off the. 
Uoop rvnich becomes on ox-bow or 
1 crescent-shaped lakei 


Jnis bend mag later be cut off^ 
land become an ox-bow /akei 


in these two pictures we see further progress in the meandering of a river. The bend becomes more and more marked till at last the 
upper and lower reaches of the river meet, and then the deposit of material cuts off the bend, which thus becomes what is known as 
an ox-bow, or crescent-shaped lake. Thus the increased meandering at last tends to straighten the river’s course once more. Were 
it not for the fall of trees and earth from time to time a river would always run straight, because of the inertia of the quickly moving 
water. The more sluggish a river is the more likely it is to be turned aside by small obstructions, and once it is diverted from the 
straight course, as can be se^n in these pictures, the curvature increases at an ever-growing rate. As the convex side of a meander 
or curve is scoured by the current and the earth is washed away, trees growing on the banks are undermined, and fall outward into 
the stream. Then when the next flood occurs these arc carried down and often jam in narrow places along the channel, thereby causing 
fresh changes in the river. The word “ meander *' is from the Latin name of the river Maeander in Phrygia, which had many windings 
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In this doubie-^ge pictur« we see now tbe milk which is gathered trom the larms in many parts ot the country is brought to the town, and atter 
going through various processes, is packed in bottles and sealed ready lor delivery to our homes. On arriving from the farm at the ^reat modern 
dairy the churns are put on an automatic elevator and carried to the top ot the building, where samples are taken and tested by bacteriologists in a 
laboratory. £verythi^ being right, the milk is poured into a weighing machine and the empty chums pass on to a washing machine where they are 
cleansed and sterilised ready to be returned to the farm for the next consignment. From the weighing machine the milk flows to a storage or holder 
tank, which is glass lined, and which has a capacity oi i,ooo gallons. Here a Ireesing mixture circulates between the glass milk holder and the sides 
of the tank which reduces the temperature to 40 degrees Fahrenheit. the same time the milk is kept in motion by a beater which prevents the 
cream settling. The milk then goes to a timing machine electrically driven, which delivers it to an apparatus known as a pre*heater, at the rate oi 
a,ooo gallons an hour. Here the milk flows over hot-water pipes which raise it to blood heat and make it flow very easily through a clarifier where 
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by a revolving beater. Hot water pipes 'n®**^*^'* it is again kept in motion for half an hour at a temper- 

the nutritive properties of the milk fnd the milk flows through another timing machine to a cooler Here Altered air is 

ature of 145 <iefi(«es. and at the end of the period a valve ^ Fahrenheit. The milk then passes to a filling 

blown through ‘t lummSiTal^^ the exact quantity and Ure bottles then travel to a capping machine wh c.i fits 

machine where the sterilieed bottles are filled automatically /.arris them to the waiting van or to a cold store. In the bottle- 

t'te cardboard caps upon them. They are ^ ?” steam and water at high pressure many times over, and are thoroughly sterilised. This 
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BEAUTIFUL DESIGNS MADE BY A VIOLIN BOW 



All the varied designs shown on this page were made by means of a violin bow on thin metal plates which had very fine sand sprinkled 
'On them. Each plate was Exed at its centre to a stand, and the bow was drawn rapidly across one of the edges. In each case the plate 
was set vibrating, and by touching it in one or more places with the fingers while the bow was being drawn across, certain parts of the 
plate were kept at rest, while the other parts were vibrating. The parts at rest arc called by men of science “ nodes,” and the fine 
grains sprinkled on the plate are moved by the vibrations towards the nodes or parts at rest. By touching the plates in different places 
and with a varying number of fingers while the bow is moving over the edge, a great variety of designs can be produced. It was a 
German scientist named Chladni who first discovered this behaviour of vibrating plates, and the patterns produced by the vibrations are 
called Chladni ’s fibres, after their discoverer. The number of vibrations per second, and hence the particular patterns produced, 
depend upon the size and thickness of the plates on which the fine sand is spread. Similar figures may be produced on membranes 
stretched tightly on frames, if fine sand be strewn on them. In the case of the membranes, however, it is not necessary to draw the 
bow over them. They can be set vibrating by sounding a bell near them, the vibrations in the air thus caused vibrating the membrane 


934 



INTERESTING FACTS ABOUT VIBRATION 

The music of stringed instruments is due to the vibration of the strings setting up wave motions in the air 
which strike our ear-drums, producing in the brain the sensation of ordered sound. In the same way the music 
of wind instruments is due to vibrations of the air enclosed in the instrument. The science of vibration is 
very interesting, and here we read man'^ things about it, and learn some of the experiments which can be 

carried out in the home to illustrate the matter 


M any of our most pleasing musical 
instruments, such as the harp, 
the p»au(). the violin, and the 
guitar, owe their richness and fullness 
of torn? to the vibration of strings. 

There an' four properties upon which 
these vibrations depend, namely, length, 
thickness, tension or the liglilness 
with which the string is stretched, and 
density. 

The rate of vibration is inversely 
proportional to the length of the 
string, which simply means that if one 
string is four times longer than another 
the rate of vibration will be a quarter 
Then the rale t)f vibration is inversely 
proportional to the diameter or thick- 
iK'ss of the string. Here again, it one 
string has a diameter four times that ot 
another its rate of vibration is a 
quarter. 

As to the tension or tightness ol th<‘ 
string, the rate of vibration is din rtly 
proportional to th(* square root of the 
stretihing wenght. This means that it 
one string is stretched four times as 
tightly as anotht'r, its rate ot vibration 
is only twic.e that of the other string. 
Finally, thi* rate of vibration is mv(*rscly 
proportional to the sc pi are root c)l the 
density, so that if one string 
is four tunes as dense or 
heavy as another its rate of 
vibratic^n is only half that 
ol the other siring. 

All this may .seem rather 
mathcMnatical and eonqili- 
catt'd, but the facts aie 
mcntionc'd and examples 
given for those who are 
interested in the mailer 
What, of course, is interesting 
to everybody is the cause' of 
the beautiful sounds that the 
stringed instruments make 
either by jilucking or by 
drawing a bow aero.ss the 
strings. The strings are set 
vibrating and the viliratnms 
cause waves iu the air which 
striker upon our ear-drums 
and send a message to our 
brain which is interpreted 
as sound. 

But how is the groat varicU 
of sound ]>roduc(‘d from an 
instrument like the violin, 
which has only four strings ? 

Well, the different toners are 
produced partly by having 
strings of (lifferent diameters 
and densities and partly by 
stopping or pressing a string 



By drawing a rawed bow across the rim 
of a glass of water» as shown here, ripples 
can be set up in the water. As the bow 
is worked to ant fro the ripples may 
become so vtotens as to break into spray 



How to form a design by drawing a bow across the edge of 
fixed plate on which fine powder has been sprinkled 


firmly at some point m its l(*ngth. say, 
at one half or om* third or one quarter 
from the end as the Ixiw is drawn 
across it 

When the sliorter segment ot thi* 
string is agitated by having the bow 
drawn Jicross it, it vilirates in two, threi* 
or four ecpial parts separated from 
each other by what are known as 
nodes. Now. the word node is from a 
Latin word meaning a knot, and a 
node, or nodal point as it is .sometinuis 
called, is a y>oint in the length ot a 
stretched siring where, wlum the 
string is set vibialing, it is found to 
leiiiaiii at test 

If a wire be stretched tightly between 
two y)onits and set vibrating whde it is 
being toiuhed at any txant and tlien 
little pK*(X\s of cardbo.inl shaped like 
an inverfed V. thus A. bt* placed (>n 
the wire, it will be lound that those 
yilaced on the ])iuls that are vibrating 
will be thrown oft. wink' those placed 
on the nudes will remain alino.st sta- 
tionary 'I'his experiment is a proof 
of the fact that there are nodes or 
parts of the wire at rest as well as 
parts that are vibrating 

A metal rod fixed at one end upriglit 
in a stand may b(‘ set vi- 
brating .IS a whok' or m seg- 
ments like the string if the 
tip be yilueked, first without 
touching any part of the 
length oi Hk* rod, and 
secondly by damping or 
toiK'hirig the rod lightlv at 
some point. 

A tuning fork is really 
like an elastic tod which is 
tree at both ends but is sup- 
ported in the ini<J(lle. 1 1 can 
be made of stet'l brass or 
giin-inetal, but owing to the 
rate in the transmission of 
sound being dilk'reiil m 
dittcrcnl substances, a brass 
timing rod is always made 
smalk'r than a steel ont; 

The velocity of sound m 
a steel tuning fork, which 
amounts to 5,237 metres per 
second, IS about one and a 
half times as fast iis the 
velocity in a similar brass 
fork. A timing fork made 
of brass will be about a fifth 
lower in pitch than if the 
material were stei'l. 

WIkmi a tuning fork is 
struck the vibratirms are 
transmitted in the direction 
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MAHVELS OF CHEMISTRY A^D PHYSICS 


of the stem which oscillates up and 
down at rii^ht an)L(les to the prong's. 

The st'iencc of vil»»aling strings and 
rods and tubes is ol the greatest 
importance in the stu<iy of sound an<l 
those who take up this slufly carry out 
some very inten'st- 
ing experiments to 
illustrate tlu’ tacts 
about vibrations 
and nodes 

Th<‘ touiideT ol 
the science ol 
acoustics or snurul 
was a Cy e r n» a n 
scientist nanu^d 
Ernst Chladni, who 
was born at W’lt ten- 
berg in 175b, and 
died at IJreslau in 
1827 He made a 
very curious dis- 
covery Ife was 
studying the 
cjiustion of vibra- 
tions and he found 
that when he took 
thin plates made of 
wood or glass or 
metal and Uxi-d 
them solidly to a 
support at tluiir 
centre he could 
make them vibrate 
in very curious 
ways 

If he drew a bow acnxss tluur edge 
and damjxjcl or touched them wMth one 
01 more of his fingers at certain points, 
they vibrated in dilfcmml ways ami 
gave out very different sounds. 

But Chladni was not content with 


the, sounds. He wanted to learn more 
about tlu' vibrations and the nodes, 
and so he strew'ed evenly over the sur- 
face of the plates some very fine .sand. 
He was astonished to discover that 
when ho drew the resined Ixm across 


the edge of the plate the fine sand 
on the surface was set in motion by the 
vibrations so that Iho grains arranged 
themselves in designs, and these 
designs varied according to the way in 
which he damped or touched tlu* i)lat<*s 


He used square, circular, triangu- 
lar, hexagonal and octagonal plates, 
and he found that on all of these ho 
could produce, merely by vibrating 
them with the bow, the most beauti- 
ful and conqilicated designs. As a 
plate vibrated the 
sand arranged 
itself in t li e s e 
varied forms. Some 
of the strange 
flesigns formed by 
the vibrating sand 
arc illustrated on 
page 034. From 
their discoverer, the 
figures formed in 
this way are known 
a.s “ C h 1 ad n i ’s 
figures.*' 

The experiments 
were continued by 
Faraday and other 
scientists, who got 
even belter results 
by using instead of 
saml the still finer 
m a t e rial known 
as lycopodium 
p o w d e r . In all 
these figures the 
grains seek the 
nodal points of rest 
in the plates and 
collect there, the 
lines being due to 
the grains endcMvonring to travel to 
the nodes. 

Any <'levor boy or girl can, with a 
little ingenuity, carry out similar 
and ijuite convincing experiments on 
:i smnll scale in thi' home 



In this experiment a sheet of smoked paper is wound round a drum^ which is 
rotated. If a needle then be attached to one arm of a large tuning fork, and a resined 
bow be drawn across the fork, the vibrations set up will cause the needle to make 
a zigzag line on the smoked paper of the rotating drum 


EXPERIMENTS ILLUSTRATING SOME FACTS ABOUT HEAT 


T HiiRE aro many experiments which 
ran be earned out at home to 
illustrate the science of heat. 
Ditierent substances allow heat to travel 
through them at v^ry different rates 
Mo.st metals arc good conductors, that is, 
heat can travel through them very 
(juickly. We tmd this when we )mt the 
poker in the fire. It is not very long before 
the handle gets 1k>I. 

Take a solid glass rod and an iron rod 
nt about the same size and diameter- 
eight or nine inches long is a good length, 
and a (juartcr t>l nn inch a suitable 





An experiment to show that brass is a 
better conductor of heat than wood 


diameter. Attach near one end ot these 
rod.s, at slight iiiierw'ds, three or four ball- 
bearings, or small bullets, using sealing 
wax or candlc-gi ea.se to attach them. 

Now hold the rods side by side with tin* 
ends in a caudle-flanio. Behire long the., 
bullets will drop oft the iron rod one b\ 
one, but it will be some time before they 
fall oft the glass rod. i'he reason is that 
iron is a good condmtor ami glass is .1 
poor conductor of heat. The heat soon 
reaches the grease or sealing-wax on the 
iron rod and melts it, allowing the bullets 
to drop, but It travels along glass slow ly. 

Another experiment illustrating the 
('ondnetion of heat is sliowii in the first 
picture. Place a sheet of white papei 
rouutl a brass tube and another round a 
wooden nxl. Hold them in turn in the 
flame of a gas-burner or candle. The 
pajier round the brass nxl will not scorch 
readily, but that round the worxl .scorches 
very quickly. Tlie r<‘a»on is that the heat 
of the flame is conducted away rapidly by 
the brass tube, wdiile wood is a bad 
conductor, and so the heat is not conducted 
away tiuickly, and scorches the paper. 

An interesting experiment in connection 
with heat is to make a freezing mixture. 
We can do this by mixing powdered salt- 
petre and sal ammoniac and dissolving 
the mixture in water. If we put the 
thermometer in this mixture we shall find 
that it soon goes below freezing-point, and 

036 


water in a tube immerst*ii in the solution 
will become ice. 

Sail and snow make a fierzing mixture. 
11 SHOW' lie placeil in a pail and mixed with 
half its weight of powdeied salt, il will be 
found that wilt'll a tin ol cold water is .sIoikI 
in the mixture, the water will become ice 
It is because snow and ice make a freezing 
mixture that the slush in tlie .streets is so 
cold to the feet after salt has been tlirown 
on the .snow to melt it. The mixture of .snow 
and salt needs a lower temperature to freeze 
il tliaii the freezing point of water alone. 



A freezing mixture made by dissolving 
saltpetre and sal ammoniac in water 


SCIENCE LEARNT FROM A MOVING BALL 



4 ::*^ ' ^ of the ground causes fnct/on 


rai^/tauon pu/nnq 

ban downmnl 


When a ball is set rolling along the ground it would go on lor ever in a straight hue were it not lot various influences counteracting this motion. 
The air and blades of grass resist the ball, the roughness of the ground causes friction, and gravitation tends to pull it towards the Earth’s centre 
All these opposing forces acting upon the boJi as it rolls slow down its motion till at last it stops 



A ball thrown into the air always describes a curve iii its passage before it finally reaches the ground, and this curve is almost exactly a parabola 
— that is, the curve formed by cutting a cone through parallel with its side. We see what a parabola is on ^age 600. The path of the thrown ball 
is not quite a parabola because this is modified a little by the resistance 01 the air and by gravitation. When the ball is thrown up It geU a certain 
$p^ from the lorce of the throw, and in the first moment of time tends to go on in a straight line. But graviution tends to pull it towards the 
Orth’s centre. It goes, therefore, in neither direction but in a direction midway, which is found by drawing two straight lines to represent the 
force of the throw and the force of gravitation, forming a parallelogram, or four-sided figure on these lines, and then drawing a diagonal Tha 
represents the actual direction of the ball. From the point reached the ball tends to go on ^ain the next moment in a straight line, but gravitation 
tends to pull it down, and so we can continue forming a series of parallelograms witli their diagonals to represent the path of the ball at any moment. 
Of course, the ball in striking the particles ot air gives up its energy and loses speed. It reaches a highest point and then gravitation begins to 
get more powerful than the diminished energy resulting from the throw. Eventually therefore the ball falls lo Earth. Its path ts along the 
diagonals of an incite number of parallelograms For simplicity only a few are shown here greatly enlarged 
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HOW VERY HARD WATER IS MADE SOFT 
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In many districts the water IS what we call “hard,” that is. it has much mineral matter dissolved in it, such as the sulphates of lime and magnesium. 
In the kettle or boiler, it gives up some of this mineral matter, which is deposited on the side of the vessel. We generally call it “ fur.*’ Now fur is 
a great nuisance in boilers, and so where the water is hard factories generally have a water-softening plant, that is, an apparatus to precipitate the 
mineral matter before the water enters the boiler. Here we see the water^sohening plant and how it works. In the bottom left-hand comer is a 
chemical mixing tank, in which carbonate of soda, or sometimes lime, is dissolved. The water containing this is then pumped to the top of a tower, 
where hard water from the mains enters a measuring chamber. When this chamber is full it rolls over and discharges the hard water into a tank. 
At the same time another measurir^ chamber Ailed with the water containing carbonate of soda likewise turns over, and the two waters are mixed. 
The sulphates are decomposed, and insoluble calcium carbonate and magnesium carbonate are formed, which are deposited on the tank bottom. The 
water, now soft, rises through a Alter of wood Abre, and discharges itself over a ridge which leads to the outlet pipe, and so to the storage tank 





THE ADVENTURES OF THE PRETENDER 

Bonnie Prince Charlie, the Young Pretender, is one oi the most romantic figures in British history. After 
the Stuarts had lost the throne this gallant young prince made a great bid to recover it. His charm and his 
bravery endeared him to all who came in contact with him, but his great enterprise was not successful, and 
he became a wanderer and a fugitive, as is described in these pages 


P RINCE Charles ICoward, known in 
history as the Yf)ung Preterulcr, 
must have be(‘n a rather lovable 
character in his yoiilb. 'J'he name 
Hoiinie I’riuce Charlie, given to him by 
his supporters, suggests th«'it in both 
appearance and manniT he was attrac- 
tive. If the records s])eak truly, be had 
only to meet a Highland chioitaiii and 
the warrior was ready to lay down his 
own life and tliat of every follower in 
his clan for the sake of the Prim o. 'I'his 
makes it all the sadder that his end was 
so miserable. 

His early life, till the last hope of the 
Stuarts was lost in the defeat at 
Cullodcn, was one of bravery and 
thrilling adventure. His <*xpenences 
were remarkably like those* ot his great- 
uncle King ('hai lcs H, except that they 
were harder and more prolonged, and 
lie ran even greater risks ol falling into 
the hands of his (momie^s. 

German or Scot (or the English Throne 

r(» understand the storv we must go 
biu k a little in history. Whtui James 1 1 
sciittkjd out of England he already had 
a son. James, who has become known 
as the Old Pretender, Sometimes be is 
called the Chevalier of St, George, the 
name by which he went when he washed 
to pass as a private individual. 

f’arliament, however, W'as deter- 
miiKiil that the Stuart Pretender should 
never mount the luiglish throne, and 
It arranged that alter the death of 
William I II and James’s tw'O daughters, 
Mary and Anne, the crown should pass 
to the Princess So])hia, the Klectress of 
Hanover, and to her heirs. Her claim 
to the throne was that she was the 
granddaughter of James 1 . 

When in 1714 Queen Amu? died, 
Sophia had alreaily passed away, so 
her son. the Elector George, wms invited 
to come over to England and become 
King, as George I. 

But the lYetender, who was living in 
France, determined to make a bid for 
tlu; throne, and gathering round him- 
self .some disgruntled noliles who had 
Hod from luigland, he prepared to sail 
for Scotland. He had hoped to obtain 
the aid of French troops, but King 
Louis XIV, the bitter enemy ot Eng- 
land. died just at this time, and the 
lielp was not forthcoming. 

Mca.nwhile his friends in Scotland 
were busy and rai.sed his staiulard at 
Braemar in 1715. Many Highland 
chiefs with thtiir clansnuin rallioil to 
the standard, and an army of 10,000 
was gathered under the command of 
the Earl of Mar, arms for these having 


arrived from i^’raiKi*. Other (hiefs, 
however, iru hiding the powerful Duke 
ot Argyll. lu*ad of the great Campbell 
clan, sidtul wath King ( ieorge, so the 
HighUuuleis were <livuh‘d. 

i^art of Mar’s army inarched into 
England, but there was no English 
supp<jrt, and the Scotsmen when they 
reached Preston m Lancashitc wiTe 
eompelled to suriender. 



Bonnie Prince Charlie as a boy. From 
the painting by Nicolas Largilliere 


In Scotland, however, tlicre was 
further indecisive tightmg, and at this 
point the Pretender landed at Peterhead 
and began issuing pn.clamalions umler 
the name of King James VI IJ. But he 
had no personal magnetism to attract 
p(‘ople, and his force soon melted 
away. On the 5th of February, 1710, 
just a month after landing, James took 
ship again and fled to France. He 
escat3ed with Ills life, but many ot his 


unfortunate lollowets were executed, 
though the GovcTumiMit did not act 
wath very great seventy. This invasion 
is known in hi.slory as “ The '15.” 
which is simply a shorhiied torm oi 
” The Kebellion ot 171s ’ 

It is rathei interesting to rememlM-r 
that while in tliis i am]>aign ol 1715 the 
Highlanders fought bravely and liercely 
against tin* h'nglish, exactly a century 
lat<T, 111 they fought w'ith equal 

gallantry wiUi the Iniglish against the 
French at Waterloo. 

Alter James’s flight the Stuart cause 
was lost lor the time being. It was not 
till the next reign, that of (ieorge II, 
that another serious attempt was tnad«‘ 
by tlu* vStuarts to regain the throne, and 
this time it was not the Old J^retender, 
but Buuiiie Pnru'e ( harhe, tfie ^’oung 
Pretender, who wt'nt to Scotland and 
staked his forluiu* on the chance oi 
victory. 

The Stuart Cause Revived 

Fraru'e had dei lanul wai against 
England m 1744, and the Young 
Pret(‘ii(lcr, known among his Iriends as 
the Prince of Wales, was sent with a 
French fleet to invade England. Bui 
the lh*et was driven back to France by 
the combined eftorts of the ICnglish 
fleet and a tierce storm. 

Tile Young Pretender, however, wa.s 
determined to attenq-it the invasion of 
England, so as to win the crown lor his 
father, and although he ccmld get no 
lurther Erench help, lie said he would 
go fo Scotland and raise his standard 
even it he took only a single footman 
with him. His supporters thought such 
a scheme a mad one, Imt Charles was 
determined. l*awning liis jewels and 
bon'owmg a large sum of money, he 
hired two ships, and on J uly i jth, 1745. 
set sail tor the Scottish coast. 

Bui on the way he tell in with an 
English man-of-war, whicli attacked 
one of his shij)s. After a batik* of six 
hours, both vessels were badly bat- 
tere<l, and the Erench shij), which had 
on bciard a supply of arms and ammuni- 
tion, had to red urn to Brest, while 
Charles, in the other ship, went on and 
landed on an island m the llt*brides on 
August jnd. His sujqiorters there 
urged him to return to kV,uu'<i at once, 
but ('hailes would hear nothing of this. 

“ 1 am come home,” he said, ” and I 
will not return to Francci, for 1 am 
p(?rsuaded that my faithful High- 
land(*rs will stand by me,” 

News went round that the I'rime 
had arrived and, with one or two 
exc;eptions, the clans flocked to his aid. 
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He raised his standard at Gleiifitnuin on 
August igth and at <aicc began to 
march south. 

King Geoige'vS supporters at once 
became grtially alarmed, and a price of 
j^30,ouo was pul upon the Prince’s 
lusad, Tlio Government gathered a 
body ol troops, but Charles eluded 
thfun and readied Pertli, where he 
stopped for a week to drill his forces. 
Then he marched to h'diiiburgh, where 
the fieople receivt^d him with great 
enthusiasm, although the castle was 
held for King George. 

London Begins to Tremble 

Sir John Cope, commanding tlu* 
(fOvernment troops, was badly (kTeated 
at Prtjstonpans, aiul now the .su])p()rtcrs 
ot King (ioorge began to lose heart. 
Iheir most capable oliiecr, Marshal 
Wade, declared tliat Scotland was lost 
and that Kngland would soon fall. 

Kv<‘n in Loudon the alnrin was great, 
and Horace Walpole, the son of ilie 
Prime Minister, wTote to a friend that 
he expeeb'd to have to leave his lioine 
in Londtm for some wretdu^d atlit on 
the Continent, where he would probably 
have to give lessons m Latin for a living 

Marshal Wade was told to niareJi 
north with a large force, the militia 
were calkxl out, and th<‘ Duk',* ot 
C'umberland, King George's son, was 
recalled frantically from J^'landers with 
three battalions of the Guards and 
seven r(‘ginieuts of infantry to meet the 
Stuart rnenate in the North. 

Meanwliile Prince (diaries marched 
farther and farther south; determined 
to reach London as soon as jiossible, 
before the fear his presence had inspired 
had time to abate. He (aptiirod 


Carlisle, gave the slip to Marsha! Wade, 
and also to the Duke of Cumberland, 
who had landed and travelled north 
with his troops, and at last entered 
OtTby* 

London was staggered at the news. 
The tradesmen were afraid to open their 
shops, all business was su.spended, and 
there was a run on the bank. Urgent 
messages were .sent to the Duke of 
(Tnnberland to return at once for the 
deh'iicc of the capital. 

But, strangely enough, at this very 
time ot apparent success there were 
di.ss(*nsions in the Young lYeteruler’s 
army. Th(‘ Prince wanted to press on 
to London, but T^ord George Murray, 
his rotnniaiider, and other olhccrs, 
realising that they were gaining no 
support in England at all, declared that 
their cause was ho]X‘l(‘.ss, and that they 
must retreat immediately. (.Charles 
protested, but w^as overridden, and as 
soon as daylight dawne<l on December 
0th the Highland «u*my turned round 
and began its retreat to the North. 

The Rout of Culloden Moor 

'the clansmen marched very rapidly, 
and again outwdtted both the Duke of 
Cumberland and Marshal Wade. The 
Duke followed them and at Culloden 
Moor, on April r4th, 1746, iunicled a 
crushing defeat upon them Fhe 
Highlanders were fierce ami gallant 
fighters, but the English guns had 
raked their ranks, and after the battle 
they were found lying in layers three 
and four deep, 

rile liorror of the slaughter almost 
overfiowered C'harles, ami he leli the 
fatal field with a few supporters. At 
Kuthven a fe(*blc attempt was made to 


rally the scattered Highlanders, but it 
failed, and Charles fled, to begin those 
months of wanderings as a hunted 
fugitive which form one of the most 
Ihrillinc stories in British history. 

Charles was led by a poor Highlander, 
Edward JFbirke, to the house of the aged 
Lord Lovat, where many cooks were 
busy preparing a great feast in honour 
ol the victory which was expected. 

The Long Flight Begins 

The noise and excitement were 
intense, when (Charles, with a few 
attendants, entered the house and 
informed the aged chief of the disaster. 
It meant ruin to Lord Ixjvat and his 
family, and one account says lhat the 
chief ran about in di.straction crying 
“ ('hop off my head, chop off my 
luiad ! " Another account says that 
when thti JYirice declared his intention 
of abandoning the enterprise, the old 
(diiefiain sai(l to him fiercely, Ke- 
member your great ancestor, Robert 
Bruce, who lost eleven battles and won 
Scotland by the twelfth.” 

'rhe house- party had to break up 
hurriedly, and Charles and his attend- 
cints rode all night to invergarry, the 
seat oi one ot his supporters, Maedom‘11. 

I ho house was deserted, and without 
furniture or provisions. The Prince 
au<l his party w^ere sp tired with their 
long night ride of forty miles that they 
stretched themselves u]xm tht? floor 
in their dollies and slept till midday. 

Meanwhile their Highland guide had 
caught two salmon in the River Ciarry. 
and thest‘, together with wat<T from the 
river, formed their only meal. 

Charles’s escort now left him, except 
for two men and the guide Burke, wliosi* 



Prince Charles Edward entering Edinburgh after his landing in Scotland, From the painting by Thomas Duncan 
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clothes the Prince donned for the sake 
of disguise* 

The small party set out at two o'clock 
in the afternoon for Loch Arkaig, where 
they arrived at nine at night, and went 
to the house of one Donald Cameron 
Charles was so worn out that he actually 
fell asleep while Burke was unbuttoning 
Ids leggings. 

The next morning, which was Friday. 
April i 8 th, the lYince continued west- 
ward an<l came to a farmhouse, whcri‘ 
he was well entertained and had tlu‘ 
first decent meal for several days. He 
waited tor a great part of the following 
day to hear intelligence of his friends, 
but this not arriving, and hviring tliat 
he might be discovered, he moved (^n. 

He and his friends were 
now in a part of the country 
where there wme no roads, 
and so were obliged to 
abandon their horses and 
travel on foot. By evening 
they had reached a place 
called Oban near the head 
of Loch Morar, and took 
shelter in a wretched hovel 
used for shearing sheep 
near the corner of a wood. 

The next day was Suii- 
d a y, April 2 Gth, and 
(Charles and his three 
attendants, with great pain 
ami difficulty, crossed a 
range of lofty hills which 
were penetrated by many 
arms of the sea and made 
travelling difTirull. 

Danger on the Sea 

'iliey came to a village, 
where they were joined hy 
several fugitives, including 
M r. Aeneas Macdonahl, 
who leported that thi‘ 
western seas were Ixung 
]> a t r o 1 1 e d by English 
ves.sels, so that escape in 
that direction w^as, for the 
time being, impossible, 

Charles thought the best 
tiling would be to trust 
himself among the Mac- 
leods in the isle of Skye, 
but one of his attendants, 

(Tanranald, suggested that 
it would be better for him 
to remain where he was, 
and said that a numl>er ol 
cots or huts could be fitted 
up among the hills, in which he could 
hide until it was safe to make a trip 
to tlu^ Isle.s, and look for a ship to 
carry him to France. 

Mr. Macdonald sent a message to a 
faithful old servant, Donald Macleod 
of Skye, desiring him to come to act 
as guide to the Prince. Donald set out 
at once, and while passing through a 
forest he met a stranger walking by 
himself. 

" Are you Donald Macleod ? " asked 
the stranger. 

'* 1 am, please your highness, at 
your service/' replied Donald, who had 
recognised the Prince quite easily 
through his disguise. 


" Then," vsaid the Prince, “ you see, 
Donald, T am in distress. I put myself 
in your care. I hear you are an honest 
man and fit to Im" trusted." 

Ikinald, with tears streaming down 
his cheeks, promised to serve the 
lYince. C'harlestheri u poll asked Donald 
to carry letters to Sir Alexander 
Macdonald and the I^aird of Macleod. 
asking their protection, but the old man 
]H)sitivcly refused, revealing the fa.t“t 
that o far from Ixing inclined towards 
the Prince, they were at this moment 
out with their men .searthiiig for him 
to capture him. 

Charles therefore <lecided to make 
for the Isles, and on the evening of the 


open eight -oared boat from Loch- 
nariiiagh, tlie bay in which he had hrst 
landeci . 1 )onald Macleod acted as juk )t . 

1 'hc fx)at wiis hardly out to sea when 
a fierce storm arose and the whole party 
was in the most imminent danger, 
Donald said that it was the fiercest 
storm he had ever seen on that wdld 
sea, riic rain poured down in torrents, 
and it was too ilark to see anything at 
all. None of the crew knew where they 
were, and the party was afraid that the 
luiat would either founder or bi^ driven 
uj)on the Isle of Skye where the militia 
were searching for the Prince. 

After what seemed an interminable 
night, daylight at last dawned, and 


showed the travellers that they were off 
the coast of ik^nlw<*uUi, the storm 
having driven the boat more than sixty 
mill's in nine or ten hours. 

They landed on the island, drew their 
boat up on the shore, and prepared 
a simple breakfast consisting of meal 
and the flesh of a cow which they had 
si'ized and killed. 

'1‘he storm conliuuiiig, Charles pre- 
pared to stay on this island for a time, 
and as one histori.in ha,s said, “ A 
cowhouse destitute of a door was the 
pahu'i* : his couch of state W'as formed 
ol filthy straw and a sailcloth, and the 
rega.l b.mquet conqiosed of oatmeal and 
boiled flesh was served up in the honu'ly 
pot in which it had been prepared." 

On A])ril 29 th he and liis 
party set sail for Storno- 
way in lh<* islind of Lewis, 
where Donald M a c 1 c o (1 
hoped to find a vt'ssel whii'h 
would convey the Prince to 
France, but again a storm 
came on and the little craft 
was driven to the small 
island of (dass, forty miles 
north of Benbet ula, mid 
the same distance from 
Stornoway. 

rh(' Prince and his 
atteiidiints disembarked 
just before daybreak, and 
finding that the people 
were ho.stile to the Stuart 
cause, he and his Jiarly 
assumed the chara.ct(T of 
merchantmen w h o li a d 
been shipwrecked on a 
voyage to Orkney. 

Seeking a Ship 

Donald Macleod set out 
to .see if a ship for Frniu e 
was available, and on May 
3 rd he sent word to the 
lYince that he had suo 
ceeded, and urgt'tl (diaries 
to sail ftir Stornoway imme- 
diately. Again the Prince 
started for this jiort, and 
again tlu' wiiul blew him 
out ol his course. He had 
to land in f-oidi Shetlort. 
twenty miles from Storno- 
way, and thi'ii walk on foot 
over a pathk'ss nuior which 
w^as very wid. 1 he guide 
was ignorant of tlie way, 
and not until noon on the 
5 th dirl till' Prince approach Stornoway. 

He stopped about half a mile Iroin 
the town and .sent his guide on to 
Donald Miicleod imploring him to bring 
out some refreshment. l.)onald came, 
bringing food, and then led the party 
to the house of Mrs. Mackenzie', where 
the Prince had >sorae much-needed sleep. 

Donald went btick to Stornoway to 
make arrangements, but was staggered 
to find that his servant, having Ixcomc 
tipsy, had lei it be known that the 
vessel about to set out was to carry 
the Prince. He had been boasting that 
if there was any nonsense about 
detaining it the Prince would be able 
to seize the vessel by force. 


ijtli, with ten jJeojile, set sail in an 



The Young Pretender with two of his friends. From the painting by 
John Pettie 
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Nat III ally the people became alarmed 
and hostii(‘, but Donald tried to 
appease their fears, and partly by 
appealing to their pity and partly by 
threats, he f^ot them to .J^<ree to the 
departure ot the vessel. Nobody, 
however, would art .is pilot. 

Tins st.iti* of thin^^s at Stornoway 
alarmed the Prince’s party, and it was 
considered In^st to sail aw'av next 
morning by the boat The Prince 
wanted to go to ( trkney, but the crew', 
now reduced to two, refused to take 
so lotiK a voyage. It was then decided 
to steer southward. 

Scarcely had the boat started vvhi'n 
tour large ships appi ared in the distance, 
and the Prince [)ut into a small islet 
on w'hich a h‘w fishermen were tern- 
porarilv at work I hese b(‘lieving 


a miserable day, eating nothing but 
meal stirred into sea water. (Tiarlcs 
declared that if ever he mounteil the 
tiirono, he should not fail to remember 
tho.se who dined with him that day. 

Suddenly the boat lound itself neai 
an Pnglish inan*of'War, which at once 
gcive chase. The Prince called on th(‘ 
men to row with their utmost speed, 
saying, “If we e.scape this danger, 
you shall have* a hjiiulsomc reward ; 
if not, I '11 be sunk rather than be taken.” 

The chase went on for nearly ten 
miles, and then the wrind dropped and 
the warship was b(‘calme(l 

Charles had had so many escapes 
that he declared exultmgly to his 
companions that he w'as not designed 
to die by either WT'a])()n or water. 

The only food available tonsisled 


six good .shirts for the Prince, who, it 
was decided, should remove to a more 
secure hiding-place near the centre of 
South Uist. 

Beftjre moving, Charh‘s sent Donald 
Macleod to the mainland to his sup- 
porters to discover the state of affairs 
th(;re. Ho received letters inhirming 
him oi the utter rum of his cause, an(i 
although the Prince had asked for a 
supply of cash, none was forthcoming. 
Donald w^as eighteen days upon this 
mission. 

'I'he 1 Tiuce had by this time removed 
to South Uist, and was in a rather 
better hut, and when he slept he had 
tw'o cowhides stretched on four .sticks 
as an awning to vows him. Charles 
spent some time shooting wild fowl, 
and he also w^ent ()ut fishing. 



Bonnie Prince Charlie hiding after his defeat by the English forces under the Duke of Cumberland at Culloden 


that the Prince’s party was a press- 
gang, tied, liiavirig large (piantities of 
fish on the* shore. The food was wel- 
come to Uu; voyagers, who made a 
lu^arty meal and then took refuge in 
a hovel w'lth a leaky roof. After 
covering this with a sailcloth they lay 
dow^n upon the floor, taking it in turns 
i<> keep wati'h 

The party stayed for four days on 
this little islanil, and then on May loth 
started otl in their boat once. more, 
calling at Glass on tht^ way. They 
were about to land when four men came 
up and attempted to seize the boat. 
'I'hey therefore pushed off from the 
shore and rowed all night, although they 
were now very faint for lack of fo<xl. 

At daybreak tlicy hoisted a sail, 
but having no fresh water they spent 


of crabs which Charles and his friends 
caught among the rock pools. Charles 
him.self carried the bucket to a hut 
two miles inland. The door Wcis so low 
that the fugitives had to crawl in on 
their hands and knees. As the Prince 
intended to remain there for some time, 
he ordered Edward Burke to lower the 
threshold so that the party could go in 
without crawling. 

Soon afterwards, Clanranald came 
to the Prince's hut bringing with him 
provisions, wine, shoes and stockings. 
A historian has .said that he found the 
I^nce reclining in a hovel little 
larger than an English pigsty, anrl 
perhaps more filthy, his face haggard 
with disease, hunger and exposure to 
the weather, and his shirt as dingy as 
a dish-clout. Clanranald obtained 


It must be realised that all this time, 
while the Prince was moving about 
among poor people, who were fully 
aware of his ulentity, he had a price 
of 30,000 set upon his head. The 
alternative for concealing the Princt' 
was iiiijiriscmmcnt and probablj'^ death, 
yet not once did any of the people 
entertain for a moment the idea of 
betraying the Prince. 

Charles spent several weeks in South 
Uist. One day, we are told, he shot a 
deer, and as some slices of meat from 
this beast were being cooked, a poor, 
starved boy came up and, .seeing the 
dish, thrust his hand into it. The man 
acting as cook reproved the boy 
and pushed him away, when Charles 
interfered, saying, “ Ned, you don't 
remember the Scriptures, which enjoin 
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US to feed the hungry and clothe the 
naked. You ought rather to give him 
meat than a stripe.” 

Charles then ordered that the boy 
should t>e suj)plied with clothes, and 
paid for them himself, saying, “ J 
cannot see anyone perish for lack of 
food or raimtmt, having it in my power 
to preserve him.” 

This boy must have been an un- 
grateful little wretch, lor after being 
fed and clothed, and having giu‘sse(l 
that the Prince was a person of quality, 
he went ofl and told a force of 1,300 
ram]>l)ells and other hostile clansmen 
where the Prince was. Fortunately the 
boy's tale was not believed, and .so 
C h arle.s escaped . 

We are told of Charles at this timt‘ 
that his dress was a tartan short-coat 
and ve.st. his night-cap “all patclu‘(l 
with soot-drops, his shirt, hands and 
face patched with the same; a short 
kilt, tartan hose 
and H i g h 1 a n d 
brogm his upp<‘r 
coat being luiglish 
cloth.” 

'I'he iniUtia wer(‘ 
now b e c o in i n g 
very activ'e, and 
('Inirles realised 
that his position 
in South Uist was 
one of great lian- 
ger. He must shift 
his quarters, so 
entering the boat 
once more he went 
first to (me island 
and tht'n to an- 
other, sonu'times 
liavnigto fleeirom 
warships that were 
seanaiing lor liiin. 

CJiailes was now 

much hunted an I 
haT,iss('(l, ilecould 
.scan ely lest for a 
f(‘W' hours before 
iicnvs of lh(^ militia 
would b(‘ br(.)iight 
and he would have 
to hasten oh 
a n o t li er hiding- 
place. Never has 
man been more 
harassed than 
was the young Stuart Prince. 

Now conu'S the most romantic part 
of the story. A young lady. Flora 
Macdonald, who in Uist, was asked 
to aid the lYince. Thv. story of how this 
girl, now lamous in history, first met 
the ATaing Pretender is told by one 
of the lYince's attendants. 

” At midnight,” he says, ” vve came 
to a hut where by gixxl lorfune wc nu*t 
with Miss Flora Macdonald, whom 1 
formerly knew. 1 (juitted the lYince 
at some distance from tlie hut, and w<jnt 
with a design to inform myself if the In- 
dependent Companies were to pass that 
way next day, as we had been informed. 

” The young lady answered me 
*Not,’ and said that they were not to 
ass till the day after. 'I'hcn 1 told her 

had brought a friend to sec her, 


and she, with some emotion, asked me 
it it was th(* Prince I an.sw<*red Iut it 
was, and instantly brought her in. 

” We then consulted on the imminent 
dangler the Prince was in, and could 
think of no more proper and safe 
expedient than to propo.se to Miss 
Flora to convey him to the Isle of 
Skye, where he"i mother lived. Tins 
seemed th(‘ more* ftMsible. as the young 
lady's stepfath(*r, being captain of 
an In lepc'ndtMit Company, would accord 
her a pass for herself and a serv'^ant, to 
go to visit h(‘r mothcT. 

” The Prince ass(‘nl(‘d, and im- 
mediately pr()])osed it to th(? young 
l.idy , to which sht* answered with the 
greatest respect and loyalty, but 
cleclined it, saying Sir Alexander Mac- 
donald was too mucli hiT bund foi 
liei to be the instrument of his nun. 1 
endeavoured to obviate this by assur- 
ing her Sir Alexander was not in the 


country, and that she (.011 Id. with the 
greatest facility, convey the Prince to 
her mother’s, as she livtsl close by the 
\vat(;rside 

” I th(m demonstrated to her the 
honour and immortality that would 
redound to hei by siicli a glorious 
action ; and she at length ac(pii(‘sci‘d, 
alter the Prince had told her the sense 
he would always ret.iin of so ccue 
spicuous a service. She promised to 
acquaint us next day, when things were 
ripe for execution, and we parted for 
th(i mountains of C-oridalc.” 

Flora Macdonald, after herself being 
arrested under a ini.sapprehen.sion, 
obtained the necessary , passport for 
her.sclf, her servant, and a female 
named Betty Burke, under which 
character the Prince was to be con- 


cealed. Flora and a friend, I.ady 
Claiiranald, obtained the necessary 
disguise and went to the hut where the 
Prince was hiding. 

On entering it they found Charles 
roasting tlie lu'art ami liver of a sheep 
on a wooden spit, d'he party sat down 
to dinner, and then arrangements were 
made to carry out the jilan. 

On the morning of Saturday, June 
28tli, b'lora Macdonald told (Charles to 
dress him.sclf in the disguise, which con- 
siste<l of ” a flowered lituni gown, a 
light-i^-oloured (pnlted petticoat, a white 
apron and a mantle of dun camlet, made 
after the Irish la.shion with a hood.” 

'riie party set oft for the h, one 
of their nuinlu‘i. il is int<Testing to nijte. 
being Neil Macdonald, who lati;r became 
the lath(*r of Napolt‘on’s Marshal Mac- 
donald, the Duke of Taianto 

Arrived at the lieach. very wet and 
tired, tin* p.irty lighted a fire on the 
rock so as to ket'p 
warm till night. 
Suddenly they 
spied four wherries 
full of armed men 
appanmtly mak 
ing towards the 
shore. 'J'li<*y at 
once extinguished 
their lire and hid 
th(*mselvt‘s. TIk’ 
wherries, however, 
sailed on towards 
the south without 
.stop {ling, al- 
though they 
{)ass('d within gun- 
shot ol the liulden 
fugitives. 

At eight o'cloc k 
that eviming the 
Prince’s pai 4 y Ifift 
Benberulaand set 
uutforSkvt^ Soon 
after they had 
started, a storm 
bl(^w up and tlu* 
s('a began to r.ige, 
and w h (* n day 
dawn(‘(l the boat 
was out ol .sight 
ot land, and no one 
k ri e w what its 
{Xisition was. 
Sailing on, how- 
evt'T, the partv soon vlisccim^il the 
mountains and headlands of Skye, and 
going near tht* shore were preparing to 
land when they saw a body of militia. 
l'hes(‘ men had a boat but no oais, and 
lh(^ men in Miss Macdonald’s boat at 
once l^egan to pull in the opiiositc 
direction. 

'I'he soldiers called on them to stop, 
or th«‘y would lin\ but it w'as felt that 
they must escape at all risks. 'I'he 
soldiers began to fire, but fortunatdy 
hit no one. Charl(-*s im{>lored Miss 
Macdonald to he down at the bottom of 
the boat so as to avoid bullets, but she 
refused uiile.s.s lu* also would take the 
same precaution, and after some argu- 
ment the two lay at the bottom of the 
boat while the rowers pullt^d out of 
danger. 
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To tell the whole of the lYince’s 
adventure would re(|iiire a book. Idora 
Macdonald with her supposed Irish 
maid arrived at the seat of Sir Alex- 
ander Mardfinald at Mu^^stat, where it 
was arranged that Charles should re- 
main for a few’ hours on a hill near the 
house, while Flora dined with Lady 
Macdonald. At Lady Macdonald’s table 
dined also an officer of the Duke of 
Cumberhmfrs army, who was stationed 
there with a party of soldiers to watch 
for the Ih'incc, should he land in 
Skye. After Charles’s escape this 
lady often laughed at the ofheer in 
question for her skill in deceiving him. 

Miss Macdonald ac<'f>m* 


observed the donor, " I will keep until 
you are safely .settled at 5t. James’s.’* 

Kingsburgh kept them as long as he 
lived, and after his death they were 
bought by a zealous Jacobite for 
twenty guin«;as. 'Khc sheets in which 
('harles had slept were also folded up 
aftt^r his departure and never allowed 
to be washed again. 

At Kingsburgh House Charles nearly 
betrayed himself, for a servant girl 
who was sent <lown into the hall to 
get something for the mistress rushed 
back declaring with great alarm that 
she could not go into the hall for fear 
of the tall woman w^ho was walking 


mountains to get into the country 
of the Laird of Mackinnon. Charles 
passed as the servant of Malcolm 
Macleod, and took the name of Lewie 
Caw. 

Eventually they came to Mac- 
kinnon ’s house, and then it was deter- 
mined that Charles should be taken to 
the mainland, while Malcolm remained 
in Skye for fear he should be missed. 

Charles reached the mainland after 
another rough voyage, and landed at 
four in the morning at a place called 
Little Mallack, on the south side of 
Loch Nevus. Here his risks became 
greater than ever, but he found friends, 
and by constantly moving 


panied by some male and 
female servants of Lady 
Macdonald, set out and 
soon came up with tlie 
l^rmce, who was with a 
laird named Macdonald, 
a 1 s o called Kingsburgh 
after his home Kingsburgh 
House, to which it was 
arranged the Prince should 
be conducted. 

An Impudent Jade 

('harles was poor at. dis- 
guise, and one of Lady Mac- 
fionald’s servants, a girl, 
observing him, exclaimed 
that she had never s(*en 
such a tall, impudent- look- 
ing woman m her life. 
” See.” she continued, ad- 
dressing Flora. ” wliat long 
strides tlie jade tak(‘s. I 
dare say she is an Irish 
woman, or <‘lse a man in 
woman 's clothes . ' ’ 

As th(?y trav(‘lled they 
met numbers ol country 
p e o p I e returning trom 
church, who all stood and 
star<‘d at the uncommon 
height and awkwardness of 
lh(? supposed female. In 
crossing a stn^am Charles, 
in order that his clothes 
might not get wet, held up 
the skirts a g(x)tl deal 
higher than ladies of tho.s(‘ 
clays wen" accustomed to 
do. Kingsburgh pointed 
out that such indelicate 
behaviour would excite 
suspicions among the 
people, so when crossing 
the next stream Charles 



about managed to dodge the 
troops who were searching 
for him . 

At I'Ast he got into a 
place where he was com- 
pletely surrounded. There 
was a chain of .sentriCwS 
round a large area, and at 
night fires were kept burn- 
ing iKjtween them. The 
tires were placed at brief 
interval.s, and every quarter 
of an hour a patrolling 
party pa.ssed to sec that 
the .sentinels were on the 
alert 

Escape at Last 

It seemed impossible that 
tlui 1 Vince could ever break 
through this cordon. 1 low* 
evt.T, he managed to do so, 
at one time slipping an(l 
nearly being thrown down a 
precipice. 11 is hair-breadth 
estapes from soldiers look 
ing lor him were amazing, 
and it is not surfirising that 
he came to think he had a 
charmed life. Sometime.s 
he went forty-eight hours 
without food. 

At last two vessels were 
fitted out at St. Malo to- 
wards the end of August, 
and on September 6th, 1 746. 
they arrived at I^chna 
niiagh. News was con- 
veyed to the I Vince, and on 
September 20th he man- 
aged to got on lioard one 
of the ships, with 23 fugitive 
gentlemen and 107 men of 
common rank. "J'hc ships 
sailed away, and Charles's 


allowed his skirts to hang 
down too low, and they floated up- 
on the water. Kingsburgh again had 
to point out that this practice would 
be as likely as the other to attract 
observation. ” Your enemies,” re- 
marked Kingsburgh, ” call you a pre- 
tender, but if you lie I can toll you 
you are the worst at your trade I ever 
saw.” 

That night the f Vince slept at Kings- 
burgh 's house, more soundly and for a 
longer period than he had been able to 
do for many nights past. He was fitted 
out with a new pair of shoes, his old 
ones having been woni out. ” These,” 


backwards and forwards through it 
in a manner |>erfectly frightful. 

The party now travelled on towards 
Portret;, and Charles, fearing detection 
Ix'cause of his awkwardness, changed 
from petticoats into a tartan coat and 
waistcoat, a kilt, a plaid and a wig and 
bonnet. 

At l\;rtree Miss Macdonald left 
Charles, but his wanderings were far 
from over. No news could be heard of 
a ship sailing for France, and he lived 
for a time in a cowhouse. 

7 'hen, with Malcolm Macleod as a 
guide, the Prince wandered over the 


five months of wandering as 
a proscribed fugitive were nearly over. 

He got safely to France, and with 
him went the last hope of the Stuarts. 
England might well be glad that she 
had seen the last of them, for from the 
moment tliat James I mounted the 
English throne they had been nothing 
but a cur.se to the country, 

CZharles’s after story is a sad one. He 
frittered away his life, became a 
drunkard, ill-treated his wife so that 
she had to leave him, and died un- 
honoured and unsung at Rome in 1788. 
But he will always live in history as 
Bonnie Prince Charlie. 
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THE IMPORTANCE OF THE SAFETY-VALVE 


If it were not for the safety-valves on the boilers that supply the steam to work our steam-engines there would 
undoubtedly be many disastrous accidents. Even the domestic boiler in the kitchen must have a safety-valve 
if all danger of explosion is to be avoided. Here we read about the safety-valve and its construction 


T o work a steam-engine it is not 
sulficient to have a closed vessel 
in which, by means of heat, water 
is turned into steam 'Pho boiler nmst 
be fitted with various devices such as a 
water-gauge to show the level ol w^atcr 
in the boiler, a steam-gauge to show 
the pressure of the steam, and a safety- 
valve to allow the steam to escape 
when the pressure rises beyond the 
safety limit. 

When a boiler is d(‘sigiied for a pai- 
ticular purpose it i.s made strong 
enough to allow the steam to reach a 
certain pressure such as is needed to 
work the engine. The sides and ends 
of the boiltT are 
so constructed that 
(hey can resi.st this 
|)r('ssurc‘, and in 
order that there 
may be a margin 
of safety they can 
always resist a 
l^ressufe a goo d 
deal Ix'yond this 

Hut if the pres- 
siin* went to rise 
enormously as it 
inigiit do under 
certain contlilions 
of heat, the btider 
would explode 
How is this pos- 
sible catastrophe 
avoided? Well, 
tlu' boiler has 
at t ached to it a 
steam-tight valve 
which is kept down 
with a pressure 
equal to that of the 
greatest working 
pressure of the 
steam inside the 
boiler. When the 
pressure exet'eds 
this prescribed 
limit t he valve 
opens, steam 
escapes, a n d the 
pressure is re- 
lieved. 

We little realise 
the enormous 
energy of steam. 

Professor Thurston 
has told us that a 
cylindrical boiler 
in which the steam 
exerts a pressure 
of a hundred 
pounds to the 
square inch has 
enough energy 


stored up in it to hurl the boiler straight 
up into the air for a distance of thret' 
and a hall miles. 

There are many kinds of safety-valves 
for boilers, some of them being very 
elaborate and complicated. In one kind 
there arc springs to keep the v,dve 
closed un(h*r normal eonditions. When 
the steam exceeds the proper pressure 
the valve is open d by the spring being 
pressed up 

To give a drawing of a complicated 
steam-valve would be too technical to 
bo iritere.sting to ordinary people, but 
we give on this page a drawing showing 
the princi])le (.d a very (oinmon form of 


valve known as tin; lover safety-valve. 
In this type the valve is kept closed by 
a weight on tin' end of a lever, the 
weight being sufliciently heavy to hold 
the valve in position again.st the normal 
pressure of steam. 

If, however, the steam exceeds this 
j)r(‘ssur(', it is powerful enough to push 
up the valve, lifting the lever with its 
weiglit, and then the steam can escajH; 
and re'lievo the pros.sure in the; boilci, 
thereby insuring safety. 

It is, of course, important that an 
enginiH'r should be able at any moment 
to know the pressure of steam which is 
being ]>rodiiced in the boiler, and so 
a steam-gauge is 
fitted. 

Here, again, 
there are many 
types, but a com- 
mon form is known 
as the Hourdon 
steam-gauge. In 
this a curved 
metal tube has one 
end closed and the 
other end, which 
is open, ('onnected 
with a pipe lead- 
ing to the inHid(‘ of 
the boiler. The 
c 1 o s o d end is 
fastened to an arm 
which works a 
toothed rack 
engaging with a 
small p i n i o n 
wheel 'I'liis wlu'el 
works an indicator 
hand moving over 
a dial. As the 
steam pressure in- 
c r e a s c s s team 
enters the curved 
tul)e and tends to 
straighten it, 
working the rack 
and pinion and 
turning the hand 
so that it indicates 
on the dial the 
steam pressure. 

If we attach a 
piece of rubber 
tubing to a bicycle 
pump and curve 
the ttiV)iiig round, 
when we work the 
pump the air pres- 
sure will blow the 
tubing straight. 
This principle is 
used in the Bour- 
don gauge. 



This picture shows the principle of th^ lever safety-valve for a boiler. At normal 
pressure the weight on the end of the leter holds the valve in its seating, closing the 
opening. If, however, the steam pressure rises it lifts the lever and weight, and steam 
escapes through the vahre opening, relieving the pressure 



These pictures show the principle of a common type of steam-gauge. When the pressure 
in the boiler rises, the steam passing into the curved metal tube moves it outward, and as 
it moves it works a toothed rack which turns a wheel and moves a hand over the dial, 
showing the actual pressure in the boiler 
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HOW THE ELECTRIC CLOCK IS ABLE TO 



All Urge modem buUdinga are now fitted with electnc c ocks. Somewhere 

connected by wires to any number of switch clocks or receiver ^a s in the rooms and corridors. Here are ^ ^ 

left, in Piemre t, is the master clock, with its pendnlum swinging freely in a vacuum, so that it is not ^ecM < 7 

time From there any number of central clocks in buildings all over London can be controlled. These are knoira as slave The 

master dock, rae of which on account of its accuracy is instdUd at Greentd^eh Obseryatoty. is rwely a^^^^dulum, srtueh 


TsSS^Tn a mSSnC rnr^mj^;^ mrcir7uirmsr£d^r ’ W.«t dFiirA is ^m-pfewl. co&s A B in the slave dock mid ijil C 
to^nSStw^ek (wTwdmSas » 3) ere energiswl. The magnet In coU C now attraett a pivoted armature, causing a lever to drop. 






WORK MANY DIALS IN ONE BUILDING 



and tt$ end on touching a screw completes circuit B. The effect of this is to energise coil D in the slave clock (see Pictures 4 and 5) and this 
•draws down an armature, to which is attached a piece of spring. The spring just touches another spring attached to the pendulum, and if the 
slave clock’s pendulum should be just a fraction behind the master clock’s pendulum, this spring or armature, in coming down, will engage and 
4(cntty press the spring on the slave clock's pendulum, giving this pendulum a sli^it push, speeding it up. When coils A and B are energised 
and draw the armature to them, the contact screw strikes the end of the lever tsumciently hard to drive it up ready for the next displocement of 
the catch. The current is thus broken almost immediately it is made. When circuit A is completed in the slave clock it energises coils in any 
number of switch eloclu all over the building. The back of one of these is snown in Picture 7. The completion of the circuit energises coil 
E and a pivoted lever is attracted, the upper end of wliich has a Anger, engaging the teeth of a wheel. The attracting of the lever by the msgnet 
in coil £ pulls the Anger away from the tooth, and it drops on to the next tooth. The current now being broken, as explained in the description 
oi Pictures 4 and 5, a powerful spring pressing on the Anger forces it to push the cogwheel round one tooth. This movement takes place every 
half^minute, and there are therefore xao cogs on the wheel. The hour hand of a switch dial is worked by being geared to the large minute wheel 






CHARGING THE FURNACE WITH METAL 



The making ot steel, like all other processes, has been enormously speeded up m recent years. Nowadays the charging of the furnace 
IS carried out by means of elaborate and costly machinery. In this picture we see a great apparatus worked by electricity inserting 
a slab of steel in a re-heating furnace. Steel bars made from ingots when they are to be rolled out still farther are first re-heated 



Here we see a steel tilting furnace being charged with molten iron. The process shown is not the Bessemer process, but the open 
hearth method of making steel. It is less expensive than the Bessemer, and now produces much greater quantities of metal than that 
process The furnace can be fed with cold pig iron, or, as here, with molten iron 
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1^ Wonders oF Animal ^Plant Life 



THE STRIPED TERROR OF THE JUNGLE 

The tiger, althoucrh it is also a member of the cal family, varies a good deal from the lion in external appearance. 

Its skeleton, however, is so much like a lion’s that only an expert could distinguish it. It is difficult to say 
whether fossil skeletons that have been found in Britain and elsewhere are those of lions or tigers. We read 

in these pages many interesting facts about the tiger 


T he lion and the tig(‘r are botli 
members of the cat family to 
which our domestic cat beUjiigs, 
and they arc very closely related 
Indeed, apart from their skins Iheie is 
very little difference m the physical 
construction of the lion and tiger, and 
it would take an expert to tell their 
skeletons apart excc'pt, perhaps, liy a 
comparison of their skulls. 

In Great liritain, as well as in 
Europe* Asia and America, there an* 
found tiu* fossilised bones of an animal 
of the cat family which lived in past 
ages. It is generally called the “ sabre- 
toothed tiger," but whilt! many men of 
scienc(‘ call it a tiger, others think it 
would be more accurat(ily (l(\si'nbtHl as 
a lion This shows how very alikt* in 
construction, il not in outward appear - 
aiue, lions ami tigers are. 

The tiger, liowevef. is a much more 
powerful, .md a fiercei aniimil than its 
cousin the lion. Men 
who have taken travel 
films in A I r 1 c a i n 
recent years tell us 
I hat, except whi'n they 
ar<‘ himgiy, lions are 
not very tonindable 
creatures at all, 

Ot course, all ani- 
mals, including men, 
an* fierce when they are 
hungry, P»ut the tigei 
IS a dangerous annual 
to meet at any tune, 

<iiid if it IS a man- 
<‘ater, that is a tiger 
which has acquired a 
hking for human liesh, 
it is .such a danger that 
it will terrorise a whole 
district. 


Distinctive Stripes 

No one can mistake 
a tiger for any other 
animal Its size and 
its handsome striped 
coat mark it off from 
all other members of 
1 he cat family Of 
course, when well fed 
in a zoo cage or den it 
looks a very nice ani- 
mal, and lit tie. tigers 
might seem delightful 
pets, but as they grow 
up they are anything 
but delightful, and 
cannot be trusted. 

The tiger is quicker 
in its movements than 


the lion anil much more sly and run- 
ning. F.xperts declare that even a 
w'el harmed, w'elh trained and expen- 
ciiiod hunter is no match on foot tor a 
tiger, hut the Ma.sai warriors ot Africa 
often meet and vanquish a lion on foot 
with no other weapon than a .sjicar 

While tlie lion is a creature of the 
grassy plains, kA a tawny colout 
matching well wath the scorched gra.ss, 
the tiger IS a creature of the mountains 
and forests rather than ot the open 
lands This seimis strange, for its 
c.olouring suggi'sts that its lionic is the. 
jungle, w'hcrc the black stripes on a 
yellow ground cainoutlage the animal 
excellently in the. tall glass on which 
the sun is playing and casting shadows. 

Vet scientists tell us that it is really 
a creature of the cohl i liniates, and that 
it IS far more wonieci by h(‘at than by 
cold ('ats do not like water, hut the 
tigei likes it and swims well. 



The tiger is by nature a snarling animal and is regarded as a symbol of ferocity. 
This photograph shows a tigress at the Manchester Zoo in a bad temper 


We gfiierally think ol the tiger in 
connection with India, but it is also 
found in ])arts of Siberia, ('hiiui, 
Manehiivia and Koii'a Its trai ks are 
otlen tiaced m the snow, and in tlie 
seven* winteisof tli(‘ North it frequently 
crosses over the frozen sea from tlie 
mainland ot Asia to the island of 
Sakhalin. Many a traveller in the 
snow^s ol Siberia and the mountains of 
Turkestan has been slain by a tiger, 
when* he least expected to meet this 
animal Some years ago a Kirghiz 
priTue was travelling with his bride 
m the Altai Mountains, wdien the 
])rince.ss w\ts suddenly pounced upon 
and chained off hy a tigiT 

Tlie aniiUcd always seems to he more 
at home in these t older i linnites than 
it do(‘S in the hot lands of India. Its 
ieet get tender il it has to wmIU far on 
hot. sandy ground, and it is a thirst y 
animal w'hicli must havi* ample sup 
plies of w'atcT to kee}> 
it health V 

It is said, not with- 
out rca.s()n, that the 
tiger has seizixl tlie 
iin.igination of man- 
kind as the symbol of 
fei ( icit y a. n d cruell y. 
It IS a snarling beast, 
and bangs about the 
jungle villages of India 
to piey upon the floeks 
and herds of tlie 
people If these try 
todefiMid their animals 
tluy are ruthlessly 
slaughtered 

A Deadly Menace 

Having once tastt'd 
a human being, IIk* 
tiger may become a 
"man-eater," and will 
liencc* forth he in 
wait for men, women 
and cliildren, killing 
them off as they go 
about their daily 
wairk. 

All K 11 r o p e a n 
hunters agree that the 
man-eating tiger is .i 
very wary animal and 
most difficult to kill. 
It seems to ricquirc an 
added cunning, so that 
it can baulk those who 
arc searching for it. 
Many a time has the 
hunter become the 
hunted, and fallen a 
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THE MAJESTIC TIGER ASLEEP AND AWAKE 



The tiger, although it lacks the fine mane of the lion, is certainly a majestic -looking animal. It grows to a length of six feet or more, 
and the tail adds another three feet. Sometimes, however, specimens have been found nearly ten feet long, including the tail, and 
weighing nearly five hundredweights. The female animal is about a foot shorter than the average male. Tigers living in Siberia have 
longer and shaggier hair than their relatives found in hot countries like India. We do not generally think of the tiger as living among 
the snows, but, as a matter of fact, it seems happier in cold regions than in those which are very warm. In winter it sometimes makes 
its way across the frozen sea from Siberia to the island of Sakhalin. Although naturally a fierce animal, it looks benevolent enough when 
asleep Evidently the .sparrow thinks so, for it is calmly pecking at some tit-bit a yard from the tiger’s mouth 



The tiger is certainly a fine-looking animal when well cared for in captivity like this specimen in the London Zoo. Its colour varies 
from pale reddish to brownish yeUow, with the underparts of the body often white. Head, body and limbs are marked with veiy 
distinctive transverse black stripes, and the tail is ringed with black. The ears also are black, except for a white spot. White and black 
tigers are occasionally found in which the spots are almost invisible. The colours of the animal are always brightest in youth, and get 
less distinct with advancing age. The tigers living in forest regions are reddest. The Manchurian tiger has more white on its face than 
the Bengal tiger, and in winter develops a long, thick, woolly coat, whereas the Bengal tiger's coat ha.s no marked lengthening in winter 
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It is also an excellent swimmer, and in this 


The tiger is fond of the water and sometimes lies in cool, shallow pools and rivers. _ ^ 

r«^Se photMraph, taken by Captain Norman Franklin in a game reserve belonging to the Nizam of Hyderab^ in India, sw sw a 
tieresa swinunine in a river while her mate keeps pace with her on the bank. Captain Fra^in dressed himMlf leafy branchM to 
look like a tree so that the tigers might approach neat enough to be photographed. A buffalo s carcass was placed close bait. 

This and other photographs were taken successfully, but the captain ran a great risk, for he earned no wms but a revolver. In the more 
thickly populated districts of India the tigers have greatly deci eased in numbers in modern times. In some areas, indeed, they have 
disapI^irS, but in the less inhabited districts they are still plentiful, and are abundant in areas where forest and grass jungles remain 
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WONDERS OF ANIMAL AND PLANT LIFE 


victim to the very animal whose Hie 
lie was seeking 

Sir Samuel Baker, tlie great traveller, 
tells a very thrilling stoiy about such 
an incident He says that in tlie 
iNagpur district a tigress had killed 
so many people that a large reward was 
uflt‘red for her destruction The body 
oi her last victim had been lett 
uneaten, and a number of native 
hunters, considering that sin* would 
probably return to her prey during the 
night if it were left undisturbed, made 
their plans accordingly 

There were no trees or any timbei 
that was suitable for the construction 
of a machan, that is, the raised platform 
from which hunters watch tor a tigei, 
so it was decided that four deep holes 
should be dug. forming the corners of a 
square, lu the middle of which the body 
ot the man could remain. 

Each hole was occupied by a hunter 
witfi his loaded matchlock, but nothing 
happened, and at length the moon went 
down and the night became pitch dark 
The hunters were not very hajqiy. but 
they were afraid to get out of then 
liiding-places and walk liome through 
the jungle in c.iise the man-eater met 
or foilowt'd them and did her fell work 
once again They therefore remained 
in tlieir holes, where some of tliem. 
after a tune, fell asleep 

At last daylight broke, and three ol 
the hunters came from their hiding- 
pluces, V)ut great was their coristerna 
tion when it was found that the fourth 
had tlisajipearetl ; liis hok* was empty 


Not far away his matchlock was dis- 
covered on the ground, and there were 
the tracks of the tigress, with the 
sweeping trail made by the poor man’s 
body as the man-eater had dragged it 
along 'J'he tratk was followed, and 
the remains of the unlucky hunter were 
found, partly devoured. 

'I'hc whole district was up in arms 
against this terrible tigress, luit it was 
not until twelve months later that she 
was at last shot, liaving meanwhile 
devoured many other natives, both 
men and women 

Killing By Sheer Weight 

When it is reineiiibered thcit tlu‘ tiger 
may weigh as much as four hundred- 
weights or more and springs with 
enormous velocity, it can be understood 
that its attack is terrible. When 
bringing down a bullock, however 
large, it invariably breaks the animal's 
neck by men' weight. It does not 
generally strike, as a lion docs, but 
merely .seizes with its claws, using 
them to cluteli and lacerate its 
vicl ini. 

There is one attractive feature about 
the tiger, however, and tlial is the 
motlier love of the female. She rarely 
has more than two cubs at a time and 
looks after them till they are full 
grown, which is at about two yiiars of 
age She teaches them mo.st skilfully 
to kill their ])rey, and hunters have 
seen a tigr< ss go to a tied-up buffalo 
with her cubs and show them again 
and again how to attack tlie animal. 


Those tigers which live in the north 
where snow is common arc much 
lighter in colour thmi those of the hot 
jungle hinds. From time to time 
remarkable specimens are taken both 
white and black. In these the stripes 
arc only faintly visible 

The full-grown male tiger is generally 
about six feet long from the tip of the 
no.se to the root of the tail, and the tail 
adds another thret; feet to the length 
But sometimes larger specimens are 
found The Icmale is about a foot 
shorter tlian the male. An average 
male w'cighs about 350 pounds, but 
specimens are said to have been shot 
up to 500 pounds. One is recorded 
that measured nine feet ten inche.s, and 
weighed just over 495 pounds. 

Mr Cf. P Sanderson, one of the great- 
est authorities on the wild beasts of 
India, tells us that the largest tigers are 
found among habitual cattle killers. 

“ When a tiger becomes old and fat,” 
he says, " he usually settles down in 
som(‘ locality where beef and water 
are plentiful, and Jiere he lives on 
amicable terms with the villagers, 
killing a cow or bullock about once 
in four or live days Some tigers 
contract the habit, through being 
interfered with, of killing more than 
one animal in each attack. I have seen 
three, four and five cattle on the 
ground together after attacks by .single 
tigers, and on one occasion fourteen 
killed by one tiger in a herd overtaken 
by a storm ; many of the cattle were 
benuinbeMl and unable to escape ” 



The tiger may weigh four hundredweights or more and it springs with enormous velocity, so that the force with which it strikes its 
victim is lUmost irresistible In this it is a more formidable foe than the lion 
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A PLANT THAT GOES FOR A WALK 



On this page we see the life-story of the plantago, a plant which grows on the Steppes of Northern Asia. The seed sprouts and develops 
into a compact plant with a main axis from which springs a tuft of stiff stems. In due course buds appear and open into flowers which 
later produce fruits. As the fruits begin to ripen the stems of the plant curve downward and outward, and in doing so give a wrench to 
the short stem and tap root. The soil is at this season very dry and crackdd, and when a strong wind comes the plantago is uprooted 
and rolled along the ground. On and on it goes, dropping its seeds as it travels and thus spreading them over a wide area, where the 
young plants, when the seeds germinate, have a better chance of getting nourishment, as they are not crowded by other plantagoes 
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THE GIANT CAMERA THAT TAKES THE STARS 



The adaptation of the camera to the telescope marked as great an advance in the study of the heavens as the invention of the telescope 
itself. The record of the stars on a photographic plate is permanent and can be multiplied indefinitely so that copies can be sent to 
astronomers in every country for examination at their leisure, whereas a visual image seen only with the eye looking through a telescope 
is transient. Further, the photographic plate can store up light so that a star too faint ever to be seen with the human eye can, by a 
long exposure, be recorded on the plate. Here we see the giant astronomical camera at the Norman Lockyer Observatory at Sidmouth. 
The instrument consists of four cameras of different focal lengths, with clockwork mechanism to follow the stars during a long exposure 
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Wonders of the Sky 



PHOTOGRAPHING THE HEAVENS 

It has been said that if the telescope is an enhanced cyc-lens, the photographic plate may fairly be regarded 
as a new retina. Photography is of enormous value in studying the heavens, for what the human eye cannot 
see the photographic plate can record. It is due to photography, which has brought to our knowledge myriads 
of stars, that we now have some idea of the shape and extent of our Milky Way universe. Further, wc now 
know, thanks to the camera, that there are thousands of other similar universes incredible distances away 


A stronomers arc often called star- 
gazers, but the astronomer of 
to-day spends very lit lie of his 
time gazing at tlic stars through a tele 
scope Instead he uses the photo 
graphic plate as his " <‘ye,” and in this 
way he is able to see far more of ihe 
universe than he would be able to sec 
if he looked up at tht‘. sky throiigli a 
telescope. 

There is a very delinite limit to what 
can be seen even through the most 
powerful telescope, for tlic human eye 
itself is limited. When, howevt.T, sen- 
sitive photoj^i aphic i>lates are used in 
conjunction with the telescojn*. th(*rt' 
seems hardly any limit to what can be 
discovered m space so distant that it 
balfles our imagination to conceive it. 

So imjiortant is photography as the 
handmaiden of astronomy that to-day 
there is scarcely an oliservatory that is 
not provided with tlic ecjuiiuncnt for 
taking photographs of the heavens. 
Thousands of ])lat(?s are exposed every 
yeai, and one great advantage of this 
method of observing the heavens is 
that from the plate 
any number of 
prints can be 
takt n. and .sent to 
astronomers in all 
parts of the world 
tor their examina- 
tion. 

Another great 
a d v a n t a g c of 
photography in 
the studying ol the 
stars is that 
myriads of bodii's 
in distant space 
which ar<‘ loo far 
away ever to be 
s e e’n with the 
human eye can b(' 
recorded on the 
j) h o t o g r a p h i c 
plate. Insufticient 
light r(‘aches our 
h-arth from them 
to enable it to 
make a record on 
the retina of the 
eye in the few 
minutes or so over 
which obsRirvation 
lasts. 

But the photo- 
graphic plate 
knows nothing of 
fatigue, and when 
it is exposed for 


lour or live hours or even tuon* th(‘ 
stored-up light Irom the distant star or 
nebula is sulhcient to impress the plate, 
and we are thus able to see myriads of 
stars and nebula* which, without photo- 
graphy, woultl for ever remain invisible. 

Keeping the Telescope Pointed 

Of course, in giving tliese long exjMi 
siin‘s it IS absolutely essential llial 
tJie telescope sliould move round on an 
axis in a direction opjiosite to that ol 
tilt' ICarth's rotation, so that the point 
ol the heavens being photograjihed 
may remain stationary, relative to the 
tel(‘scopic lens and photographic plate 

'rius IS (lone by means ot very elabov 
ate and accurate c1<m kwork. It the 
clockwork were incorrei 1 in the inin- 
ute.st degree the photograph, aftiT long 
ex})osur{‘, would give nothing hut a 
blurr(‘(l image Indeed, it is the tustoni 
when lliese long exposures iwv. being 
made lor the astronomer to examine 
tlu' object with, the eye from lime to 
tune to sec that there is no irregulruity 
in the telescope*^ movement 


Many olijccts suspected but unseen 
have bi'en found by means of the camera 
linked with the telescofie. b'or example, 
when it has been thought that a eomet 
was due to appear thi‘ apjxiratus has 
been turned towards that jiart of the 
heavens where the eomet w.ts expeeteti, 
and in many ca.ses the developed platt^ 
has revealed its ap[>ea.rance. Halley’s 
(‘oim^l, for examjile, at its ndurn in 
T()io was first tomid upon a photo- 
graphic plate. Several satellites m the 
solar system have been discovered 
in the same w\ay. 

Another example of tlie value of 
pilot ography in astronomy was proved 
when jirufessor Barnard ftunid a famous 
" runaway star,” that is. a .star w'lucli 
had a motion far exceeding anything 
known m other stars The motion 
was discover'd by comparing various 
photographs taken over consecutive 
p(.‘riO(ls 

Wlulc much iiicri'ase of know^ledgc 
results from these jiliotographs even in 
our own day, perh i])s tlu* greatest 
advantage will come when whole seri(*s 
ot ])h()tographs 
talu‘11 throughout 
a century or more 
ari' compari'd It 
only our fore- 
fathers had had 
photography and 
had left us photo- 
graphs ot the sky 
we should know 
much more to-day 
alioiit the heavens 
than we do. 

T h e p h o t o - 
graphic jilate is 
also used in con- 
nection with spec- 
t.rosco])ic w^ork. 
and four-fifths of 
this i m port a n t 
bniuch of astron- 
omy is now duiH 
by means of phot o- 
graphs of the 
various sptclra 
With plates sensi- 
tive to the ultra- 
violet rays far 
more of the spectra 
of the stars can 
be detected than 
would be possible 
without the in- 
valuable aid of 
telescopic photo- 
graphy. 



Here is the wonderful Franklin-Adams astro-camera with which are taken remarkably 
clear photographs of the universe round about us, as seen from the Southern Hemisphere. 
This camera is at Johannesburg Observatory, South Africa, and the picture is given here 
. by courtesy of the Royal Astronomic^ Society 
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HOW THE PLOUGH IS CHANGING ITS SHAPE 




The ploughi part of the Constellation of the Great Bear, is the best known group of stars in the sky. Its shape is now remarkably like 
a plough, but it was not always so and in years to come it will have again changed very much so as to bear little resemblance to its 
present form. We speak of the ** fixed stars,*’ but the stars are by no means fixed ; ail are travelling at enormous speeds. The stars 
of the Plough, however, are not all moving in the same direction, and so in the course of thousands of years the shape that they now 
^orm will be altered. We see in these pictures the Plough as it was, as it is, and as it will be 
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WHY THE SKY IS BLUE OVERHEAD 

We all know how blue the ^ky is on a fine summer day. But why is the sky blue ? It we were on the 
Moon and looked up in the daytime we should not see a blue sky, but a black one, with the stars and the Sun 
shining brightly down. It has long been known that the blueness of the sky was due to our atmosphere, 
but here we read about ihe latest discovery in connection with the matter 


T he colour ot the sky on a fine diiy, 
except near the Sun and the 
horizon, is a rich blue. Why is it 
this particular colour, und not, say, 
red or yellow ? 

Of course, our ordinary dayhf^ht is 
not blue, but white, and very often it 
does not appear to come from the Sun 
at all, but to be diffused throughout a 
room. I'he window may not face the 
Sun at all, and yet the room is light. 
This we owe to the fact that the sun- 
light is rejected and bent by countle.ss 
millions of particles in the air, so that 
the light goes in all directions. If it 
w(‘rc not .so wc should 


were .scatUTed. the* rc‘sult being that 
we lookt'd up at the sky we saw these 
scattered rays ot blut*. 

But c|intc recently Proft'ssor Vigard. 
ot Oslo University, has disi ov'ered that 
the prevailing blia* of the sky is pro- 
<lu('c‘d not by the dust j>articles, but 
by tiny crystals of liozen nitrogen in 
the up])er atmos)»h..*r(*. These occui 
chiefly at tw<^ heights above the 
grouml, namely, forty miles and a 
hundred miles, and are spread above iht^ 
b.arth’s surface like bl.inkets. Thi^y 
are known as the licaviside LaycTs, 
and it is these which prevent the 


wireless wa\i‘s that aio broadcast Ironi 
Uung lost in outer Spai e. 

Another scientist, Professor Oniu‘s 
of Leyden, re(Iuc(‘d mtiogen in a 
laboratory to a ternperaturi! o( 37H 
degrees below' z(‘ro, halircnheit, when it 
became crystallised, and jiroduceii the 
same light effects as tin? nitrogen 
crystals in the upper atmosphere. The 
nitrogen is lighter than the atmosphere, 
and that is why it floats above the 
ocean ot air. 

When we look upward the sky is 
always bluer overhead than it i.s when 
v\'t‘ look around nearer the horizon, and 
the reason tor this is 


be unable to see un- 
less we were in the 
direct lino of the Sun's 
rays, d'he light would 
not penedrate into all 
the corn (MR of the 
room. 

It is the particles in 
the dir that diffuse or 
.spieacl the light. Where 
there is no air then* is 
no daylight. If we 
could go up above the 
ICarth’s atmosphere we 
should find a black sky 
everywhen*, wiDi the 
stars .shining as points 
of light and the Sun a 
brilliant object sending 
out straight rays. 

Everywhere except in 
the direct line of light 
winild be dark. 'I'here 
must bo the atmosphen^ 
and the tiny solid par- 
ticle.s m it if the light is 
to be spread. 

The Dust Theory 

V\Ty i.s it, if the day- 
light is white, that we 
.see the sky on a .sun- 
shiny day as blue? 

Well, until quite 
recently it was thought 
that the blue colour of 
the sky wa.s due chiefly 
to the scattering of sun- 
light by th(* myriads of 
dust particles which are 
aJw^ays present in the 
atmosphere. The 
longer waves, such as 
the red and yellow, it 
was said, managed to 
get through the mixture 

of air and dust particles, The heaviside layer of nitrogen crystals high up in the air, which prevent the 
while the shorter sound radio waves from being lost in space. These waves are reflected by the 
waves, like the blue, layer and are thus able to pass round the world, as explained in page 1367. 



that the iiilrogen pai- 
luflcR nearest to oui- 
sclve*s an* always ovei- 
head. I he nearer the 
sky app loaches the 
hon/on the more wc 
arc' looking at it 
througii the dc'iisci 
lower layers of air. The 
result IS thid th(', sky 
is less blue near 
the honztin than above 
our heads. 

A Monotonous Sky 

As the Sun .set.s and 
gets neaiTir the horizon 
its colour often btxomes 
yellow or orange or 
evea red. This is due 
to th(? particles in th(? 
atmosphen* breaking up 
the liglit and allowing 
only the long waves, 
that is, those that are 
red, orange and yellow, 
to reach our eyes. I'he 
greater the thickness ol 
atmosplu'i e 1 li r o u g h 
which the Sun's light 
must pass to reach us 
the less of the shorter 
rays are able to get 
through. 

How t h an k 1 u 1 wt* 
should be that the con- 
ditions of our lives 
include an atmospliore ! 
We should find it very 
wearying and monoto- 
nous if during the day- 
time on looking up we 
saw nothing but a black 
sky with the stars and 
the Sun a.s bright 
objects, but no blue, 
and if there were no 
diff used light round 
about us. 
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HOW THE ATMOSPHERE AFFECTS THE DAYLIGHT 



Daylight is due to the breaking up of the Sun's light and its reflection in all directions bjr particles in the atmosphere. If it were 
not for this diffusion the only objects illuminated would be those on which the Sun’s rays fell directly. On the Moon, which has no 
atmosphere, the sky is nearly black in daytime, with the Sun and stars shining out brightly, and the landscape a vivid contrast of lights 
and shadows. The picture on the left shows our world as we know it, and that on the right shows what daytime would be like if there 
were no atmosphere. Nitrogen crystals high up in the air break up the Ught and reject the blue ravs to us, making the sky look blue. 
It was formerly thought that the reflection of the blue rays to us was due to numerous minute particles of dust in the upper atmosphere. 
But more recent discoveries have shown that it is the heaviside layer of nitrogen crystals that are really responsible for the colour. At 
the horizon the slcy is less blue, and it is because we are there looking at the heaviside layer through a greater thickness of atmosphere 
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THREE KINDS OF ARTESIAN WELLS 



(mperymus or non-porous rocki 


•fr- 


An Artesiftn well is a deep bore in the Earth’s crust through which a constant supply of water rises to the surface or sufficiently high 
to be pumped out economically. The name is derived from Artois in France, where such wells were sunk long ago. A gushing 
Artesian well occurs where the beds of rock slope first downward and then upward, forming a kind of basin as shown here. Rain 
falling on the exposed surfaces of the porous rock percolates through till it reaches the bottom of the basin above the non-porous rock. 
When a boring is made to this low level the water is forced up by the pressure of the water in the water-bearing bed at higher levels 



Sometimes, however, as shown here, the water-bearing bed of roclt Ibel not form a basin but slopes only in one direction An Artesian well 
can be sunk there and water obtained, but it will not gush up. IiSstead, it will have to be pumped. In this case also the rain falling on 
the exposed surface of the porous rock percolates down, but it Hows along the underground slope very slowly and can be tapped as shown 



An Artesian well in which the water gushes up may sometimes be found even where the porous rock, instead of forming a basin, 
slopes only in one direction as in the previous picture. In such a case the porous bed has become clogged with impervious matter, 
so that when the water reaches this point it cannot flow farther. The bed of porous rock is thus full of water, which rises in a bore 
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HOW SNOW BEGINS TO MELT IN THE SUN 



After the snow has fallen it lies as a glistening carpet upon the ground, but as soon as the Sun shines upon it it begins to melt. 
You will have noticed, however, that it does not melt evenly all over the surface. As we see in the photograph, it becomes pitted, 
and the pits get larger and larger as the snow melts, till at last they join, and eventually the snow has all been transformed into water. 
The reason that the snow thaws in this uneven way is that when it falls some of the flakes project above the others, and these melt 
first. Then when they have changed into water, the warmth of the water begins to melt the other flakes round about, and so in this 
way the pits are formed and become larger and larger. The greater the quantity of water already melted, the greater is the warmth to 
carp^ on the work. Snow, of course, takes up much more room than water, but the number of inches of snow corresponding to 
an inch of water varies a good deal. Sometimes six inches of snow when melted will make an inch of water, while at other times 
it takes thirty inches of snow to do the same. It all depends on the lightness of the snow. The average, however, is about ten inches 
of snow to one inch of water. As there is no variation in the texture of rain, an inch of rain is always the same quantity. 

THE MEANING OF BUCHAN’S COLD AND WARM SPELLS 


W K often read or hear about 
Buchan's Cold Spells and 
Buchan's Warm S|)clls, and 
inanv of us know that those have some- 
thing to do with the weather. But 
exactly what are these .spells ? 

Well, they are named after Alexander 
Buchan, a Scottish meteorologist born 
in 1829. He was the youngc.st son 
of a weaver, and while still a ix)y tcx>k 
a great intere.st in .scientific subjects, 
particularly botany. He went to 
Kdinburgh University, where he took 
a degree and then became a school- 
master. But he had a weak throat, and 
thi.s .soon compelled him to give up 
teaching. 

'Then he was appointed secretary of 
the Scottish Meteorological Society, and 
from that time devoted his life to the 
study of weather science. 

f^art of his work was to compile 
weather statistics based on the observa- 
tions of people in different parts of the 
country, and after he had been doing 


this for many years he came to the 
conclusion that |>eri()ds of the same kind 
of weather occur again and again at 
about the same time of year. 

For example, he said that from 
April Ti to i-t is a }>ori(xl when 
we usually get cold weather, and a 
further marked period of cold occurs in 
the niidille of May. 

Buchan declared that there are six 
cold and three wann |>eri(Kl.s. as folU)ws : 

First cokl period . . . .February 7 to 10 
Second cold j^eriod. . .April n to 14 
Third cold perkxl. . . .May 9 to 14 
F'ourth cold period. . .June 29 to July 4 
First warm |>eriod. . .July 12 to 15 
Fifth cold period. . . .August 6 to 11 
Second warm period. .August 12 to 15 

Sixth cold i)eriod November 6 to 12 

Third warm period. . .December 3 to g 

It is interesting to test Buchan’s 
statement for ourselves, and it will 
certainly be found that very often he is 
correct within a few days. 
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Much misunderstanding of the mean- 
ing of Buchan’s spells has ari.sen. Bu- 
chan’s observations were concerned with 
a small area of Scotland, not meant to 
apj)lv to the British Isles generally ; 
nor did he suggest that a cold or warm 
spell might be expected on the datc.s 
given in any particular year, but that 
over a long time there would he an 
irregularity of a fractif)n of a degree 
compared with the sea.sonal normal. It 
happiens that some j)eriods are also 
known to tradition or confirmed by 
statistics in Europe. 

Meteorology as a science is in its 
infancy, and while we may recognize 
the repetition of certain cold and warm 
periods in different yeans, we are unable 
at present to say why these recur. 

Nowaday.s it is realised that if the 
weather is to Ihj properly studied there 
must be regular examination of the 
upper atmosphere, and how this is done 
by radio balloons is explained in page 
1026 of this book. 





This ‘‘ Times photograph shows us the very top of Mount Everest, the highest mountain in the world. It was taken on April 3 
during the flight over the top of the mountain by the members of the Houston-Everest Expedition and gives a vivid impression 
of the awe-inspiring summit of the mountain as seen from the north-west. It is solemn to think, as we look down on this mighty peak 
that somewhere near the top lie the frozen bodies of two very gallant Englishmen, A, C. Irvine and G. L. Mallory, who in the 1024 
expedition to climb Everest left the last camp and set out for the top, but never came back. Mount Everest was first climbed on May 20 
1953, when the New Zealander Edmund Hillary and the Sherpa guide Nockay Tensing reached the summit, as shown in page 317 
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This photograph, taken by an automatic camera on the island of Bikini in the Pacific, shows the explosion of an atomic bomb 
detonated underwater in the midst of a fleet of unmanned ships on July 24, 1946. The mushroom shape was caused by a column 
of water and spray thrown up by the explosion. The bomb was made in the U.S.A. 



On October 3, 1952, the first British atomic bomb was detonated off the Montebello Islands, 50 miles north^-west Of Australia. 
The photograj^, taken a few minutes after the explosion, shows the smoke cloud two miles high and a mile wide. Its twisted 

shape is due to l^ie different directions of the wind at different heights 
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WHY OIL ALWAYS FLOATS ON WATER 



Why is it that oil floats on «vater ? If we pour ink on water it does not float, but mixes with the water. Oil, on the other hand, 
as shown in this remarkable photograph, spreads itself out and floats on the surface There are two things that decide whether a 
substance shall float on the surface of water or not. One is whether the substance is soluble, and the other whether it is lighter than 
an equal volume of water. A piece of sugar placed in water sinks because it is heavier than an equal bulk of water, and it dissolves 
because it is soluble in water. A cork will float because it is lighter than an equal bulk of water, and is insoluble. Now when we place 
oil on the surface of water it floats because it is lighter than an equal bulk of water and will not dissolve in water. It spreads out to 
form a thin film because the tension of its surface is weak compared with that of water. In other words, the cohesion holding the 
molecules of oU together is overcome by other forces. If olive oil be introduced into a mixture of water and alcohol, having the same 
density as the oil, the oil forms in globules and rests in any part of the mixture in which it may be placed, not merely on top 
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HOW A DIESEL-ELECTRIC LOCOMOTIVE IS BUILT 
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These photof^raphs, taken in the works of the English 
Electric Company, illustrate various stages in the 
building of a locomotive of the type shown on the 
opposite page, i , Fitting the armature of the electric 
motor driving the locomotive wheels ; 2 , One of 
the locomotive ’s bogles with the motor in position ; 
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3. Lowering;* «tr bi»gie on to its wheels ; 4, 
testing an tj> ensure that it is straight 
and true ; 5, Alftenisbling the driver’s controls ; 
6 , Bank of rasiatances that control motor 
speed ; 7, Building main locomotive frame ; 

8, Testing armature components of motor ; 

9, Locomotive with skeleton for coachwork ; 

10, Locomotive skeleton partly covered with 

steel panelling ; 11, Locomotive finished 

and ready for delivery. 
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In building large bridges caissons, or huge hollow cylinders, are usually sunk in the river and then men go down and work m compressed 
air digging out the river bed for the foundations of the bridge. It is dangerous work, and the men often contract a complaint known 
as caisson disease due to the great air pressure. By a new system shown here, instead of the river bed being dug out, the material is 
blown out as a series of clay sausages by compressed air pumped down at a pressure of X20 pounds to the square inch 
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More and more excavating work is done by means of marvellous machinery that saves the labour of scores of men. In the Stewartl^ 
brick works near Bedford, said to be the largest in the world, this electrically driven excavator is used for digging out the day. It 
scoops up over eight tons at a time from the clay bed and enables bricks to be made speedily in enormous quantities 






THE BLACK HOLE OF CALCUTTA 

Everyone has heard of the Black Hole of Calcutta, but the story itself is not so well known as it should 
be. In these pages is given the narrative of this dramatic episode in Anglo-Indian history. It has been 
said that the Black Hole of Calcutta marked the beginning of English domination in India 


T he first Englishmen to go to India 
went not to rule but to trade with 
the natives. It was in 1591 that 
three ships set out for thf‘ Hast, but 
only one of them reached India, and 
three years later its commander arrived 
home in another slnp, the sailors having 
seized his own vessel, 'the story he 
told about India and the possibilities 
of trade there led to the establishment 
of an English Jiast India Company, and 
a charter permitting it to trade was 
granted by Queen Elizabeth on th(‘ 
last day of the fOth l entiiry. 

The name East India was given to 
the Company to distinguish it from the 
West Indies, for when the American 
islands w'cre discovered tlioy were sup- 
po.sed to l:)e a part of India, and were 
called the West Indies 
as distinct from that 
part of India which 
was reached by the 
Eastern routtj and was 
consequently called the 
i'^ast liulies. When the 
mistake was discovered 
1 he old terms were still 
H'taincd. 

Trade Before Empire 

At first the E a s t 
India Cxjinpany was 
not very ambitious. It 
formed some little 
settlements on dif1<’rent 
parts oi the coast of 
India, and there the 
merchants lived and 
traded, paying rent to 
the natives for tlw* 
ground they used. At 
(;ach settlement a htth' 
tort was built, and a 
few .soldiers were k(,*pt 
for protection, but 
those) early Englishmen 
in India rlcvcr thought of possessing or 
ruling the country ; tludr one idea w^as 
to trade and grow rich. 

The chief selllement was at Madras. 
Not far south at I'ondicherry the 
French established a station, and there 
was great rivalry between the two 
nations even in peace time. When the 
two countries at home were at war then 
the settlements m India were soon at 
war, too. 

By the end of the 17th century the 
East India Company held three posts 
in India— Fort St. George at Madrii^, 
Bombay, which Charles the Second had 
received from Portugal as a marriage 
portion with his wife, Catharine of 
Braganza, and had made over to the 


Coiiipanv, and finally Fort William 
on th(' Fiver H<K)gly in Bengal, round 
which, later on, grew up the great 
city of Calcutta. This latter piece 
of ground the East India Companv 
had acquired from the Great Mogul 
who rule<l at Delhi, but labT fhe 
Mogul’s (unpire l)egan to break up, 
and his Subahdivrs or Viceroys in 
dihensd aieas tKTaine practically 
indejx.‘ndent. The Englisli and the 
I'rcTich traders ii.sed to make Irionds 
<.)f the V’iceroys, and their Nawabs or 
district govcrnoi's, and would play c^ff 
one against the other m their trade 
rivalry. Often the terms Suhahdar 
and Nawab wore used indiscriminately, 
one title or tlie other being largely a 
matter of opinion or taste. 



The notorious “Black Hole,” a small apartment i8 feet by 14 feet with only 
two small windows, where 145 Englishmen and one woman were imprisoned 


In 1756. when the old Nawab of 
Murshidabatl died, there were rival 
claimants to his throne, but the power 
wexs seized by a grandson ol the old 
.Nawab named Suraja T^owlah. He 
was an insolent, vindictive, and cruel 
young man, and for some reason was 
vt3ry hosiiVc to the Fmglish. When, 
tlierefore, he heard that Ckilcutta was 
being strongly fortified against possible 
J^rench attack, and that one of his own 
enemies had found refuge there, he 
demanded the immediate surrender of 
the place. 

No reply was sent, and tliercupon 
the Nawab ordered .Mr. I'lrake, the 
Governor of Calcutta, to demolish the 
new fortifications. Mr. T>rake replied 
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that there were no new fortifications, 
and tliat txwond repairing a lino of 
guns nothing had Ix'en done. 

Surapi Dowlah thiTcupon a.sscmbkui 
an army of 50,000 men with a body of 
artillery, and marched to Calcutta. He 
captured a factory in the suburbs, and 
the English, who had really neglected 
their defences. w(‘re staggered by this 
turn ot events. There were not 500 
men in tiu* whole of Calcutta, including 
both Juiglishmen and mixed races, and 
of these only 170 were European 
soldiers, of whom not more than ten 
had ever sei’ii active service. Wha t was 
to be doix; ? 

A few leeble etfoils were made to 
defend tlui town, but when the Nawab’s 
forces drove the English back upon the 
fort Mr. Drake deter- 
muied that the women 
should go aboard the 
ships lying in the river, 
and hi; and a few of 
his fricud.s took care 
to escajH' with them. 

A Gallant Defence 

rhen, to the great 
disgust of those in the 
tort, ho ordered the 
ships to sail away. It 
was a dastardly trick 
to run away and leave 
his folio w-couutr\mien 
to the mercy of the 
Nawab. If all the men 
had remained and tie- 
tended the place en- 
ergetically, it could 
probably have Ix^en 
saved. Even as it was, 
a gallant attempt was 
made to r e s i s t t h v* 
Nawab. 

Mr. John Holwell, a 
civilian, was by com- 
mon consent placed in comniand, and 
for fortv-eiglit liours the fort hchl 
out. When it was found that the 
defenders were too few to hold out for 
long, signals of distress were made to 
the vessels anchored below the town. 
These could easily have come up an<l 
rescued the gallant garrison, but not a 
vessel moved to its assistance. 

At last, when more than half his 
small force had Iweu killed or wounded, 
Mr. Holwcll saw a flag of truce coming 
from the Nawab'.s army. He agreed to 
a parley, during which the enemy 
treacherously rushed into the fort, and 
all were obliged to surrender, Mr. 
Holwcll was ushered into the Nawab's 
presence, and that ruler expressed bis 
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anger that only five lacs ol ruj>ees, or 
^50,000 had been found ui the Treasury, 
flovvcver, he gav(‘ his assurance that 
the garrison should Ix' prob'cted, and 
then retired at dusk tcj his (‘lu ampraent. 

The European prisoners were feath- 
ered under an arclied x^eraiida while 
native ohicers \v(‘ni in search ol sonu; 
place whore they could be kept safely 
lor the night. Th(*se men rctiinuxl to 
say that no suitable plac(‘ could lx; 
lound and the. native offu er in charge 
ol the jinsoiiers then ordered them to 
move into one of Ihe chambers behind 
tlx; veranda which ha<l been usetl as 
a lock-up tor disorilcrly soldiers, and 
was known as llu' lllack Hole. 

It was iH teet long by 14 ieet wide, 
had only two little windows, but no 
proper ventilation, and the door 
opened inwards. Into this tiny 


the parade, advanced and made us all 
rise and go into the barracks, to the 
left of the Court of Guard. 

\\T^ were no sooner all within them 
than the guard advanced to the innci 
arches and parapet wall, and, with then 
imiskets presented, ordered us tc» go 
into the room at the southernmost end 
ol the baiTacks, commonly called the 
Black Hol(‘ Prison. 

Among the lirst to enter were mvscll, 
Mt‘ssrs. BaiUie, Jeiiks, ('ooke, 'f. Coles . 
ICnsigns Scott, Kevely, Law and 
Buchanan. 1 got possession of th<' 
window iiean*sl the door, and JNh'ssrs 
Coles and Scott got into the window 
with me, they being Ixilh ba<ll\ 
woundetl, the* first I lieheve inortalK 
The* rest of the above-named ge'ntlenieu 
w’ere all close round me. 


hands to work with and the door 
ojiening inward, all our endeavours were 
vain and fruitless. 

Amongst the guards |X)wSted at the 
window J observed an old jemidar 
near me, who seemed to carry some 
compassion for us in his countenance. 
I called him to me and pressed him to 
(‘ridetivour to get us separated, half in 
01 u‘ [)lace and half in another, and said 
that he should, in the morning, receive a 
thousand rupc^es for this act of kindness 

He withdrew, but in a few minutes 
returned and told me it was impossible. 

W'e had been here but a few minutes, 
Ixdon' every one fell into a perspiration 
so profuse you can fomi no idea of it. 
This brought on a raging thirst, which 
incieased in proportion as the body 
was drained of its moisture. 

Various ex^K^lients were 


(ompartment the whole of the 
prisoners, consisting ol r.ps men 
and one woman, were driven, ami 
tile door was then shut 'fhen* 
the unfortunate peopU' were kept 
in the stilling ('limatt* of Bengal 
lor the wdiok' of the night, with 
the inevitablt^ nvsuU that most 
of thtan were suhocafi'd. 

The Resolution to Rule 

The news of this tragedy did 
more than anything else to steel 
the hearts of the faiglisli, and 
make them determined that 
henceforth they would not be at 
till* mercy ol the native Indian 
rulers, but would themselves 
gain iKiwer and rule and make 
India safe for Englishmen. We 
may almost say that Ihe Black 
Hole of Calcutta w'as the very 
beginning of English domination 
III India. 

'Ihe storv’ ol tha.l dreadful 
night has Ix^en told in grapfuc 
words by Mr. Holwell himself, 
iind those who wish to know the 
truth about the Black Hole ol 
Calcutta cannot do better than 
I (‘ad hi.s own story. 

I'he Subah, or \'ic<'rov ol 
Hcngal, and his troops (says Mr. 
Holwell) were in lull possession 
«»t llm F(n*t licfort* six o'clock in 
the evening. At an interview ^ “ 
with him about 7 o’clock, lie re- 
])eated his assurances to im*, on the 
word of a soldi* !, that no harm should 



thought ol to give more room and 
air To obtain the fornuir, it was 
mov'ed to put oft our clothes, 
riiis was appioved as a happy 
notion, and in a few minules 1 
bt^iieve cv(*ry man was striiiped, 
m\self, Mr. Cejurt, and the two 
young gentlemen by me. ex- 
cepted. l‘'or a little lime they 
flattered themstilves with liaving 
gained a mighty advantage. 

Pitiful EHorts 

Every hat was set in motion 
to jirodiu'o a circulation of an, 
.iiui Mr. Baillic' proiiosed tluit 
cn^ery man should sitdow'n on his 
hams. 'This ex]>edient was stw eral 
tunes pul in practice, and at (‘a( li 
time, many ol the poor creatures 
whejso natmal strength was loss 
thcui that ol otlu^rs, or who had 
been unjrc exhaust (xl, and could 
not rc'c.over their k'gs as othcTs 
did when the word was given to 
rise;, fell to rise no inorc‘. 'I hey 
were instantly trodden to doalii 
or siiffocatcxl. 

Before nine o’clock every 
man’s thirst grtnv intolerable, and 
respiration was difficult, bftoris 
were* again made fo force th*; 
door, but iji vain. Many insults 
were useef to tlu* guards to pro- 
* ^ ^ voke them to lire in upon us. 

of truce was seen coming from the Nawab's army ,„y felt 

little pain or imeasinc'ss liiif what 
h was now 8 o’clock. Figure to resulted from my rmxiidy for the suffer- 
yoursell, il possible, tin* dreadful mgs of the others. 



(ornetous. situation ol a hundred and torly-six By keeping my lace between two ol 

Indeed, 1 believe hi.s orders, at least, wreb hes, exhaijst<Hl by eonlimial the bars 1 obtained air emnigh to give 


at first, were only general ; that w<* 
should be “ safely secured for the 
night ” ; and that what actually 
followed was, in a great measure, the 
result of revenger and restuitmeul of the 
jeinidars or native offici'rs, to whcjsi? 
cruelty we were delivered. 

Be this as it may, as soon as it was 
dark we were all, without distinction of 
rank, position, age or sex. directed by 
the guard set over us to collect our- 
selves into one body and sit down 
under the arched veranda or piazza 
to the west of the Black Hole Prison. 
Just as it became dark a large number 
of soldiers, who had been drawn up on 


fatigue and action, crammed all logcthci 
in a cube of eighteen feet on a hot night 
in Bengal : shut up from tlu; East and 
South the only points from whence 
air could reach us - by dead walls ; and 
by a wall and dcjor on the North, and 
open only to westward by two windows 
strongly barred with iron, from which 
we could njceive. scarct* anv circulation 
of fresh air. 

What must ensue appi.'ared to me in 
lively and dreadful colours the instant 
f cast my eyes aroimd and saw th«? size 
and situation of the room. Many 
unsuccessful attempts wen* made to 
force the door, for having onl>' uui 


mv lungs easy play, though my per- 
'ipi ration was exces.sive and thirst 
tormenting. At this period, so strong 
an effluvia came from the prison, that 
i was not able to turn my head that way 
lor more than a f(;w scxxiiids at a time. 

Now, everybody, excepting tliosc 
situated iwiar the windows, began to be 
outrageous, and many delirious. '‘Water! 
W ater ! ” became the general cry ; and 
the old jemidar before mentioned, 
taking pity on us, ordered the people 
to bring some skins of water. This was 
what I dreaded. I foresaw it w^ould 
prove the ruin of the small chance left 
us, and essayed many times to speak to 
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liini privately to forbid its being 
brought. l‘he noise and clamour was, 
however, so loud, it Ix^came impossible. 

The water appeared. Words cannot 
paint to you the universal agitation and 
raving the sight of it threw us into. 
] flattered myself that some, by 
preserv'ing an equal temper of mind, 
might outlive the night ; but now, the 
reflection which gave the greatest pain 
was, that 1 saw no possibility of any 
escaping to tell the dismal tale. 

Until the water tame I, myself, had 
not suflered so miuli Irom thirst, which 
instantly became excessive. \V<‘ had no 
means of conveying it into the prison 
but liy hats forced through tlu“ bars; 
and Ihii.s, mysedf, and M(ssrs. ('olesaial 
Scott, notwithstanding the pains tliev 
suffered from their wounds, supplied 
them exs fast as possible 

Though wo^ brought lull hats within 
the bars, there ensued sueli violent 
struggles and contests to get at it, that 
fiefore it readied the lips of any one, 
there would be scarcely a small tea- 
ciJjitul left in it. Ihcsi- supplies, like 
sprinkling water on 1in\ only served to 
It'cd and raise the flame. How sha,ll I 
givc' a conception ol uhat 1 felt at the 
t rk‘s and ravings ol tho.si' m the r(!- 
moter parts of the prison, who could 
not (uitertam a. hop(‘ ol (d>t. doing a 
drop, yd could not divest 


and affection, had l:>ecn lying dead 
at my feet, and they were now^ trampled 
iiix)n by every corporal and common 
soldier, who, by the help of their mori' 
robu.st constitutions, had forcer! their 
way to the window, and held fast by the 
bars over me : till at last 1 lieeanu^ so 
prt'ssed and wedged up. that 1 was 
deprived of all motion. 

Giving Up the Struggle. 

Detenninerl now to give up e\'er\^- 
thing, I ealled to them, and b(‘gged. 
as tile la'%1 lustaiitv o! their legard, 
that llu'v would nmiovt* the pressure 
upon me. and permit mt‘ 1o retire out 
of th(* wiiidou to die in rpiird. rhey 
gav(' way , and with much dilficult\ 
I lorced a p.issage into th(‘ centre ot 
the prison, wdu*r(‘ lht‘ tlirong was l(‘ss, 
through the many <lead, tluMi .iinount 
mg to one-third, and ihr* numbcT who 
flocked to t lu‘ windows, ior bv thislime 
the\' had water at the otht*r windtivv. 

In the Hkick Hole tluTo is a plathnni 
r,ns<'d l)(‘l\v(‘en lliree or frjur feet Irom 
the floor, open imdruiKsith, and ex- 
fiMiding the whole length ol the east 
si(U‘ ol the prison. It w’as six h*et wude. 
corresponding wdth that in the barrar k 
I travellisi over the dead bodies, and 
repaired to the farther end of it, just 
opposite to the other window. 


thems(‘h’('s of ('xpcndation. 
howev(‘r unavailing, and 
calling on me by the teudei 
considerations of friend* 
sill]) aiul aff(‘(.tion, and 
wlif) knenv that thev were 
leally de’ur to me* ' 

Horrible Confusion 

The; confusion now be- 
came g(*neral anti horrid. 
Several eiuitted the othe’r 
window --the only cliance 



increased, f hail not remained in this 
situation, f believe, ten minutes, when 
I was seized wdth a pain in my breast, 
and palpitation of the heart, both to the 
most exfjuisile degree, Thesi' roused 
and oblig(‘d mo to get up again ; but 
still the ])ain, ])al]Utation, thirst, and 
diflieultv of breathing increased. 1 
ri'tamed my senses notwithstanding, 
and had the grief fo si'c ileal li not so 
near me as I had liojied 

Hut 1 ( (Hild no longer bear the pain 
I sijl!»*red. without attempting a reliet. 
whii li I kni'w Iresh air would and could 
only giM* ni(' I in.stantly determiiK‘d 
to push lor the w'iudow' opjHxsiti^ to me 
and, bv an effort of double Hie strength 
I hrid e\i'r before possessed, 1 gained 
the third rank at it, with one hand 
si'ized a bar, and bv that means gaini'd 
the seioml, though 1 think there were 
at lisast six or .sewn ranks betwt'en me 
anrl the window. 

In a lew moments the ]>aiii, j)al])i- 
tation and difhciiltv of breathing 
ceased, but my thirst continued in- 
tolerable. 1 ealled for water, “ For 
(iod’s sake ! " 1 had been concluded 

dead, but as soon as tliey loimd me 
amongst lliem again, they still had the 
respect .and tenilerness for me to erv 
out’ (bve him water, give him 
wati'r ’ Nor would one of them 



at the window attempt to 
touch it till I had drunk. 

Hut from the waiter 1 had 
no relief ; my thirst wars 
rather increased by fl. So 
1 determined to drink no 
more ; but patiently w^ait 
the. event ; and kept my 
mouth moist, from time to 
time, by sucking the pei- 
spiratiori out of my .shirt- 
sie(‘\('s, and catching the 
drops as thi'V fell, like 
hoa\’v rain, from mv lie.id 


they had for hie to lorce 
t heir way to t he w.iter . au<l 
the throng and press upon 
our window was leaiiul and 
almost beyond biMring. 
Many, forcing their ])ass«igc 
from farthiT ])arts ol the 
room, iiressed down tliosi^ 
in their way who had less 
strength, and trampled 
them to death. 

hrom about nine to 
eleven 1 sustained this cruel 
scene and painful situ.i- 
tiou : still supplying them 
with water, though iin legs 
were almost broke w ith tlie 



The Nawab expressed his anger that only five lacs of rupees had been 
found in the Treasury 


and face. Voii can hardly 
im.igine how unhajjpy 1 was 
it aiiv ol them esixqn'd my 
mouth 

The Tortures of Thirst 

I tame into the prison 
without coat or w'aistcoat. 
Thi‘ si'iison was too hot to 
bear the lormer, and the 
latter templed the avarice 
ut one of the guards, who 
roblxxl me of it, when we 
well* under the veranda 

Whilst I w'as at the* 
second wandow I was ob- 
siTved by out? of int' mis<*r- 


weight brought a g a. i n s t 
them. By this time I was my. self 
nearly pressed to death, and my two 
coiupanions, with Mr. W'illiam l^irker, 
who had forced himsidt into the win- 


Here my ])oor inond Mr. lulward 
i^yre came staggtTing over the dead 
to me ; and, with his usual coolnf’S‘> 
and good nature, asked me how^ 1 did. 


able companions, on the 
right (d me, m the expedient of allaying 
my thirst bv sucking my shirtsleeve 
He took the hint and robbed me, from 
time to tinu*' of a considerable part of 


dow, w^ere realh’ so. 

For a groat while*, they all preserved 
a respect and regard for me, more 
thim, indeed, I could well expect, our 
circumstances being considered ; but 
now, all distinction was Uxst. My 
friend BailUe, Messrs. Jenks, Rc'velly, 
Law, Buchanan. vSinqison, and several 
others, for whom 1 had a real esteem 


He fell and e.xpired before I had time 
to makt* him a reply. I laid mvsell 
down on some of the dead behind 
me on the platform; and. commeuduig 
myself to Heaven, had the comfort ot 
thinking rny sufl(*riug,s could bav'e no 
long duration, 

Mv^ thirst grew now uusu])portahle, 
while the diflieultv of breathing much 


my prt'ciou*^ store, though, after 1 de- 
tected him, 1 had the address to begin 
on that sleeve hrst, wdien I thought my 
rc.siM'voirs were suftinently repleni.shed 
and our mouths and noses often mot 
in the contest. 

This plunderer, I found afterw^ards, 
w'us a young gentleman in the Service, 
Mr. I.ushington, one ot the few wdio 
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much bravery during the siege. His 
wife, a fine woman, though country- 
l>orn or halt-cjiste. would not quit 
him, but accompanied him to the 
prison, and was one of the lew who 
survived. This poor wretch had been 
long raving for water and air I 
told him I wa.H determined to give up 
life, and recommended his gaining my 
station. On my quitting, he made an 
attempt to get my place, but was sup- 
planted. 

Poor Carey expressed his thiinkfuh 
ness, but said he would give up life, 
too. But it was with the utmost 
labour that we forced our way from 
the window, several in the inner ranks 
appearing to me to be dead, standing. 

He laid himself down to die, and his 
death, 1 believe, was very sudden ; for 
he was a short, full, sanguine man. His 
strength was great, and I imagine, had 
he not retired with me, I should never 
have been able to have forced my way 



Words cannot paint the universal agitation and raving the sight of 
the water threw the prisoners into 


escaped from death, and he has since 
paid me the compliment of a.ssuriiig 
me that he lx*lieved he owed his life to 
the many comfortable draughts he had 
had from my slet*ves. 

By half- past eleven the much greater 
part of those living were in an out- 
rageous delirium, and the others quite 
ungovernable — few retaining any calm- 
ness but the ranks next the windows. 
Tlicy all now found that water, instead 
of relit*ving, rather heightened their 
uneasiness, and Air, air 1 '* was the 
general cry 

Every insult that could be devised 
against the guard, all the opprobrious 
names and abuse the Subah and others 
could be loaded with were repeated 
to provoke the soldiers to fire upon us. 
Every man that could rushed tumult- 
uously to the window, with eager 
hopes of meeting the first shot. Then 
a general prayer to Heaven to put an 
end to our fearful misery. 

But these failing, they 
whose strength and spirits 
were quite exhausted laid 
themselves down and ex- 
pired quietly on their fel- 
lows. Others who had yet 
some little strength and 
vigour left made a last des- 
perate effort for the win- 
dows. Several succeeded 
by leaping and scrambling 
over the backs and heads of 
those in the first nuiks. and 
got hold of the bars, from 
which there was no remov- 
ing them. Many to the right 
and left sanl; with the 
violent pressure and were 
soon suftCH’ated 

A Terrible Ordeal 

1 need not ask your com- 
miseration when 1 tell you 
that, in this plight, from 
half-pJist eleven till near 
two in the morning I sus- 
tained the weight of a heavy 
man with his knee.s on my 
back and the pressure of has 
whole body on my head, a 
Dutch sergeant who had taken his seat 
on my left shoulder, and a Topaz, a 
black Christian soldier, betiring on my 
right, all of which nothing could have 
borne me to support, but the props and 
pressure equally sustaining me all 
around, 

The two latter 1 frequently dis- 
lodged by shifting my hold on the bar.s 
and driving my knuckles into their 
ribs ; but my friend above stuck fast 
and. as he held by two bars, was 
immovable. The repeated trials and 
efforts 1 made to dislodge this in- 
sufferable incumbrance upon me at 
last quite exhausted me, and towards 
two o'clock, finding 1 must quit the 
window or sink where I was, I resolved 
on the former, having borne, for the 
sake of others, infinitely more for life 
than the best cl it is worth. 

In the rank close behind me was an 
officer of one of the sliips whose name 
was Carey, and who behaved with 


I was at this time sensible of no 
pain and little uneasiness. I found 
a stupor coming on apace, and laid 
myself down by that gallant old man, 
the Rev, Mr. Jervas Bellamy, who 
lay dead, with his son, the lieutenant, 
hand-in-hand near the southernmost 
wall of the prison. 

When 1 had lain there some little 
time, I still had reflection enough to 
suffer some uneasiness in the thought 
that 1 should be trampled upon when 
dead, as I had my.self done to others. 
With some difficulty, I raised my.self 
and gained the platform a second 
time, where 1 presently lost all sensa- 
tion. The last trace of sensibility that 
1 have been able to recollect after my 
l 3 dxig down was my sash being uneasy 
about my waist, which I untied and 
threw from me. Of what passed in 
this interval to the time of my resur- 
rectiem from his hole of horrors 1 can 
give you no account. 


When the day broke, and the gentle- 
men found that no entreaties could 
prevail to get the door opened, it 
occurred to one of them — I think Mr. 
Secretary Cooke — to make a search for 
me, in hopes 1 might have influence 
enough to gain a releOvSe from this 
scene of misery. Accorduigly, Messrs. 
Lushington and Walcot undertook the 
search and, by my .shirt, discovered me 
under the dead upon the platform. 
They took me from thence and, 
imagining 1 had some signs of life, 
brought me towards the window 1 harl 
first possession of. 

But, as life was equally dear to every 
man, no one would give up his station 
in or near the window ; so they were 
obliged to carry me back again ! But 
soon after, Captain Mills, now com- 
manding the company's yacht, who was 
in possession of a seat in the window, 
had the humanity to resign it. I was 
again brought by the same gentlemen 
and placed in the window 

Release at Last 

At this juncture the 
Subah, who had received 
an account of the; havoc 
death luid made amongst 
us, sent one of his jemidars 
to inquire if the chiel sur- 
vived. They showed me to 
him. told him 1 had the 
apjxjaraiice of life remain- 
ing, and believed 1 might 
recover if the door was 
opened very soon. 

This answer being re- 
turned an order came imme- 
diately for our release, it 
being then near six o'clock 
in the morning As the door 
opened inwards, and as the 
dead were piled up against 
it and covcnKl all the rest 
of the floor, it was im- 
possible to open it by any 
effort.s from without. It 
wUsS therefore necessary 
that the dead should be re- 
moved by the few that were 
within who were become 
so feeble tliat the task, though it was the 
condition of life, was not performed 
without the utmost difficulty, and it 
was twenty minutes after the order 
came before the door could l>e opened. 

About a quarter-past six in the 
morning the poor remains of one 
hundred and forty-six souls, being 
no more than three-and-twenty, came 
out of the Black Hole alive, but in a 
condition which made it very doubtful 
whether they would see the morning 
of the next day ! Among the living 
was Mrs, Carey; but poor Leech was 
among the dead. The bodies were 
dragged out of the Hole by the soldiers 
and thrown promiscuously into the 
ditch of an unfinished ravelin, which 
was afterwards filled with earth. 

Soon afterwards Suraja Dowlah 
released Mr. Holwell and the other 
prisoners, and a year later his cruelty 
was avenged by Robert Clive, founder 
of the, English Empire in the East. 
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THE ROMANCE OF A GRAIN OF WHEAT 

Wheat, like all our cereal plants, has been developed (rom a wild grass, but it has been improved out oi all 
recognition. At the present time there are said to be over a thousand varieties of wheat that arc grown for 
food, and although a quarter of a century ago Sir William Crookes warned the world that the wheat crop would 
soon be insufficient for the needs of mankind, to-day more wheat is grown than can be sold. Here we 

read the wonderful story of this valuable food plant 



W HEAT is the most important food 
in the world, and those nations 
which have been wheat-caters 
have built up the most powerful 
empires, and, speaking generally, have 
subdued the peoples which lived* princi- 
pally on other forms of food. 

For example, the wheat-eating 
English became masters of the rice- 
eating Indians, and the wheat-eating 
Spanish and Portuguese conquered the 
bean- and maize-eating people of the 
New World. It is a curious fact that 
the Japanese, since they made them- 
selves one of the great powers of the 
world, have been slowly changing from 
a rice-eating to a wheat-eating people. 
Now wheat, like the other cereals, 
such as oats, barley, rye and rice, is 
really a gra.ss, and there is no doubt 
whatever that of all the different kinds 
of plants ill the world the grass family 
is the most important. It provides 
the chief food not only of human beings 
but of the animals also. Our horses 
and cattle and sheep and poultry are 
icd on the grasses that grow in the 
meadows, and on oats, barley and 
maize or Indian corn. 

Great Advantages of Wheat 

Wheat is the bt‘st of all food plants. 
It contains more nitrogen than other 
cereals like rice and maize, and it has 
the great advantage that a sticky sub- 
stance known as gluten, of which it 
contains a large amount, enables it to 
be made into a light and appetising 
bread which is very digestible. Oat- 
meal cannot be made into dough like 
wheatmcal. 

Another great advantage of wheat 
is that it i.s a wonderfully adaptable 
plant and with a thousand varieties 
produced by man in recent years suited 
to different soils and circumstances, it 
can now be grown in almost any kind 
of earth and in almost any temperate 
climate. 

The Wheat Belt, that is, the area in 
which wheat can be grown and ripened 
profitably, is constantly being ex- 
tended, and vast crops of wheat are now 
harvested in Canada hundreds of miles 
farther north than was the case not 
very many years ago. 

AS already explained, wheat is a 
grass, and of course the first wheat that 
man used was gathered from wild 
plants. Other cereals have also been 
developed ham wild plants, and we 
know that wild oats and wild barley 
Etui grow in England. 


But lor a long time, although they 
sc«arched, men of science could not find 
wild wheat growing. Then one of 
them found, on looking through the 
pressed specimens of grasses in the 
National Museum at Vienna, on a sheet 
of wild barley, a plant which at once 
attracted his eye. He r<‘cognised it as 
a species of wild wheat. He rep<3rted 
his find to the world in 1880, explaining 
that this specimen had been gathered 
on Mount Tlennnn in Palestine in 1H55. 

At once .scientists l>egan to search 
on Mount liermon to find wild wheat 
growing, and .special expeditions were 
sent for the purpose. But it was only 
in ic)o6 that a Jewish scientist actually 



A grain of wheat does not look very interest- 
ing, but if we tnaipilfy it we can see that 
it is made up of various parts, as shown 
here. It is because of its large store of 
protein that wheat is such a valuable food 
For mankind. The plant stores up the pro- 
teins in its seed not, of course, for mankind 
but to feed the young plant when the seed 
has started to terminate 


found the wild wheat growing in a 
rocky crevice on the mountain. This 
was one of the most interesting 
scientific discoveries -that had been 
made for a very long time,, and con- 
firmed the belief that wheat originated 
in the Mediterranean countries. 

That it has been used for food for 


thousiinds of years we know from tlio 
fact that wheat grains have been found 
in the rubbish heaps of the lake 
dwellings of Switzerland and Italy. 
Prehistoric man cultivated wheat Jong 
before history came to be written, and 
we also know that the old civilisations 
of Babylon, Egypt, Crete, Greece and 
Kom<‘ were all based on wheat as one 
of the chief food plants. 

Who first found that wheat was good 
for ft)od ? No one can say. Probably 
it w'cis some Stone Age woman in the 
days when mankinfl lived only upon 
animals caught in the cha.se. Perhaps 
her menfolk had been killed, or perhaps 
there had been difficulty in getting any 
animal food, and this woman may have 
been so hungry that she tried some of 
the wild plants that grew all round. 

The poor grains of wild wheat, when 
chewed up, proved pleasant to the 
taste and after a quantity had been 
eaten they satisfied the hunger and 
strengthened the body. Them this 
woman, who lived thousands of yeans 
ago, probably told her friends, and they 
harvested the wild grain. 

Her little children could not chew 
up the bard wheat as easily as their 
grown-up friends, and so the woman 
decided to grind it up. using two stones 
for the pui*pose. There is little doubt 
that woman was the first miller, and 
the first baker. In primitive tribes 
we find the woman is to-day the 
cultivator of the soil, the miller and 
the cook. 

Woman the First Farmer 

But wild wheat wa.s probably not a 
very prolific plant and having found 
that it was gcx)d for food the next step 
would bo to begin to cultivate it. It is 
believed that woman was also the first 
farmer and gardener. Sh(* found she 
could get more wheat by planting the 
grains, and so she would clear a patch 
of ground, by removing other plants 
and digging up the .soil with a pointed 
stick. Thus .she produced a crop. 

The discovery that food could be 
grown in this way, that is, the inven- 
tion of agriculture, was one of the 
greatest in the history of the world. 
Without it there could have l>een no 
groat cities, not eveu a town of a 
thousand inhabitants. People would 
have had to remain spread out over 
wide ju*eas. 

For centuries the quality of the wheat 
and its yield were poor, but as popu- 
lations increased by leaps and bounds 
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More than a third ol the i,6oo million people who make up the world’s population at the present time are wheat-eaters, and the 
proportion is steadily growing. We are not sure where wheat first grew, but some think it was in Palestine and others in Mesopotamia. 
Whichever may be correct, it is now grown all over the world, except in very hot countries, and huge crops are harvested in Canada, 
the United States, Argentina and Au.stralia. Here we see a field of wheat being harvested by machinery in Western Australia 



In this photograph wheat is being cut and bound by machinery in New South Wales. The improvements in reaping; appliances have 
been as marked as in the machinery of other industries, and were it not for this fact the great wheat crops grown m some countries 
could never be gathered in time. The men of olden days who used the sickle would be amazed if they could see a harvesting scene 
such as that shown here. Some harvesting machines now cut the wheat, rake it together, tie It in sheaves and thresh, clean and sack it 
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STONE AGE WOMAN BEGINS THE WHEAT INDUSTRY 



It is generally agreed that it was woman who began the agricultural industry. Slie was the first farmer and wheat grower. Probably 
when hungry she tried to satisfy herself by eating grains of wild wheat which ^he found growing. She spread the news that the food 
was good, and then she and other women, to make the grains more suitable for the children, pounded them between stones. That 
was the beginning of milling. Later the flour would be mixed with water to form a cake and would be cooked. Woman thus became 
a baker, and before long the wheat grains would be sown and the plant grown where it could be conreniently harvested 
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it became necessary that more and more but unfortunately when the frosts came That pound of wheat, when planted, 
wheat should be produced How w*is early Ked Fite was often frozen. gave an excellent yield of very fine 

tins to bt’ dom* ^ A C'anadian scie.ntist. Dr. Saunders, wheat, and by iqo6 two-thirds of a 

Well, scientists set to work and, as and his sons therefore determined to bushel were available, and in the 

they (lone with so many kinds of produce a variety of wheat which, following year there were 23 pounds of 

fruit, they began creating new varieties while possessing all the good qualities grain. Then samples were sent out to 

of wheat by crossd>retj( ling, that is, t)y of Red Fife, should mature a little fanners in various parts of the country, 

taking th(‘ pollen from the stamen or earlier in the season and thus escape and soon the wheat, which was named 

male part of one plant and transferring the frosts. For this purpose wheats by its producer Marquis, to indicate 

it to the [»istil or female part of another, were collected from the colder districts its high quality, was grown over 

The n'sults were new kinds of wheat of Northern Russia, from other parts hundreds of thousands of acres, 

which embodied some of the qualities of Northern Europe and Asia, and It was taken to the United States, 

of both their parents. For example, also from places high up in the and by 1914 in North America hundreds 
wheat plant.s were pro<luccd whicli Himalayfis. of millions of bushels of Marquis wheat 

gave more straw and bore larger heads, After years of experiment the long- were harvested. It fulfilled its high 

with more and larger grains than any desired wheat was produced, its male promise by ripening early and thus 

tljiit had hitherto been grown. In this parent being Red Fife and the female avoiding the frosts, 

wav the yield was greatly increased. parent an early-ripening wheat from Another example of how man has 

Then new kinds of wheat plants were India known as itard Red Calcutta. improved the wheat is in the produc- 

produced w^hich would ri^Ksn some days It was in 1003 that a single head bearing tion of such varieties as ** Little Joss 

earlier and so couki be grown farther a few grains was produced that ripened and "Yeoman,'’ for which wc are 

north than had been possible before, earlier than usual. indebted to Professor Biften, the Cam- 

A remarkable example of this is the How carefully the grains w^ere har- bridge scientist. The fungus disease 

Marquis wheat, which in its various vested and planted in the following of rust, a.s we read on pages 573 to 575, 
forms is the chief variety of wheat spring ! Twelve plants resultijd and plays havoc with the wheat crop, and 

grown in Western Canada. from them was gathered one jKiund of Professor Bificn set himself to produce 

In the latter years of the nineteenth grain. It was the finst crop of a wheat varieties of wheat which should be 

century the principal wheat of Canada that in a dozen years was to fill the immune from rust. He achieved 

was known as Red Fife. It had granaries and elevators of Canada and his purpose and saved the fanners 

excellent milling and baking qualities, the United States. . millions of pounds. 


THE BEAUTIFUL WORMS THAT LIVE IN THE SEA 



The seatworms, members of the Annelid family to which our coxxunon earthworms belong, are of very varied forms and colours. Their 
different shapes can be seen from this picture, which shows a number of species. At the top is the Eunice, which has many organs 
of locomotion. Its digestive system is such that it has been described as having 280 stomachs. On the right are seen specimens of 
the Serpula, whose heads bear beautiful coloured plumes, which serve as breathing apparatus. It is the Serpula worms that cover 
shells and pieces of pottery in the sea with the interlacing chalky tubes that we often see. The creature in the middle is the Terabella, 
which forms a protective tube for itself of sand and fragments of shells* Various other species are also seen in the picture 
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THE GIANT HERON AND ITS GIANT NECK 



In this photoewph showing two specimens of the giant heron of Africa we see the wonderful aembility of tiie b rd’s neck. One heron 
has the long ne<^exten<M and the other has it lowered and resting on the body. When herons are standing in the water watcUng 
they always hare the head drawn back ready to strike. A heron’s neck has the same number of bones as a penguin s 
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THE MINER’S LAMP AND WHY IT IS SAFE 



One oi the most valuable inventions of the nineteenth century was the miner’s safety lamp, which has saved hundreds of thousands of lives in mines 
where hre^damp, or carburetted hydrogen, a dangerous gas, is formed. This gas when mixed with ten times its volume of air explodes if it touches 
a flame. Sir Humphry Davy and George Stephenson, working independently, produced in 1815 safety lamps which could be used with impunity in 
an atmosphere laden with flre-damp. Davy’s lamp came into general use. Its principle is shown in these pictures. If a piece of fine wire gauze 
be held over a gas burner which is turned on, the gas will pass through the mesh of the wire. Now if a match be applied underneath the gauze 
the ga.*! will catch light there, but the flame will not ‘pass to the imper side. Similarly if the match be applied to the upper part of the gauze, the 
flame will burn there, but will not pass through to the lower part. Davy enclosed his lamp burner in a cylinder of wire gauze. When the lamp was 
placed in a chamber containing fire-damp this gas passed through the gauze to the lamp flame and burnt inside, but the flame did not pass out and 
fire the gas outside the gauze. The reason is that the flame has so much of its heat conducted away by the gauze that the heat outside is not 
auffleient to ignite the gas. So that the miner may not open his lamp in the mine, each lamp is now locked before he goes down 
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WHY WE COOK OUR FOOD 

Civilise^ man most of his food before eating it* whereas in the very early days primitive man ate 

his roods rw. What is the reason for cooking food* and what changes does cooking bring about ? It is 
important that we should know something about this matter, and here we learn many interesting things about 
cook ng why the meat changes colour, why potatoes get soft in boiling, and why the fish sputters when 

it is put in the frying-pan 


T here are several reasons why we 
usually cook our food before 
eating it. For one thing, the food 
is rendered more pleasing to the eye and 
more agreeable to the palate. Then, 
by cooking, some foods become more 
easily digestible, though this is not true 
of all. and another very important 
reason for cooking food is that it is to 
a very large exUmt sterilised by the 
heat and will keep for a longcu* jx'nod. 

Take, for exapple, moats. No 
animal panisite that can be found in 
meat is able to withstand a tempera tur(^ 
of 70 degrees Centigrade. All our 
ordinary methods of cooking, therefore, 
render meat free from sucli infet tion, 
but there are various bacteria wliich, 
when present in the inside of the meat, 
are not killed by the temperatures of 
ordinary cooking. It is not true, there- 
fore, to say, as some books do, that 
cooking de.stroys all the microbes and 


other living things which mav be 
present in the food. 

While it is true that cooking makes 
vegetable foods mcne easily digt^sfible, 
this is not true of animal foods. In their 
case digestion is less easy after cooking 
than before. 

Perhaps in an indirect way, liowever, 
the cooking of me.its helps dige.stion. 
for it makes tlu* food so niiu h more 
attnictive and palalabki that the pleas- 
ing nature of the food after <‘o(.)king 
calls forth a more profuse flow of gastric 
juice, the fluid in our body which 
digests the food. 

Let us see what the cticct of heat is 
ujion the dillcrent substances in our 
foods. First of all there are the proteins, 
which build up our bodies I ho effect 
of heat upon those is to coagulate or 
harden them. We see this in the case of 
the white of an egg, which when raw is 
fluid and can be dissolved in water. 


but alter cooking is liard and in.solublt' 
The carbohydratt's in food wlncli 
ccinsist of starcli and sugar are very 
much atf»*(.tvfl by heat. A dty heat, 
ill baking, t tjn verts starch into a sohibk* 
form, and moist heat causes the grains 
to swell so that the mdigi'stible cellulov* 
envelope of the grain bursts and the 
starch inside is released and turned into 
a icily. In both cases the starcli 
rendered digestible 

Sugar, another form of carbohydrate, 
!s inveited, as chemists (.all it, by cook- 
ing. which turns it into a digestible form. 

'L'hc other substance in our foods, the 
fat, is less allecteil by heat than the 
l>roh'ins and t arViohydrates. But fat 
which has been heatetl and allowed to 
cool again oft(‘n becomes granular, as in 
the case of drip])ing and fried bacon fat. 
This IS due to the driving off of water, 
and the fat is then more digestible than 
it was before. 



The kitchen is a vtty important part of the house, for it is there that the foods we eat are prepared by cooking to make them both 
appetising and digestible. That cooking should be done correctly is much more important than most people think. Here is a modern 
kitchen with an electric oven where the cooking can be regulated by an even heat 
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MARVELS OF CHEMISTRY AND PHYSICS 


Now let us tousider the elleet ot 
cooking on the chief foods which we 
eat. siicli as meat, fish and vegetables. 
When we cook meat we decompose the 
nul colouring matter in it and so change 
its raw appearance Ihit m doing ttns 
If IS important not to cause the solid 
pioteins to become too hard. 

fkiking and roasting arc practa'ally 
tlie sann* pn^cess, but in the case of 
roasting we apply the heat to one side 
ot the meat at a time, whereas in baking 
the heat is applied all round at once. 

The great aim in cooking meat is to 
see that all the fiavouring substances 
are retained in it, and lliis is best done 
[)V^ sealing up the surface of the meat at 
the outset, so that during tJic cooking 
the salts and extracts wliich give the 
flavour cannot escape. 

The sealing process is 
tirouglit about by sub- 
jecting the meat to a 
high temperature at the 
start. Then when the 
outside IS sealed up, so 
as to iinpri.son the flav- 
ouring substances, the 
cooking should lie con- 
tinued by exposing the 
meat for a long time to 
a lower temperature. 

In roasting or baking, 
the meat would tend to 
dry up, but this is pre- 
vented by basting, that 
i.s, by flouring fat from 
time to time over tlie 
joint. The real reason 
for doing this is that 
\vc cover the surface o( 
tlie iiK'at with a kind 
of varnish of fat which 
keeps in the moisture. 

A grilled chop or 
.steak IS always much 
more appetising than 
\v !i V n the m e a t is 
c o o k e d by frvmg, 
because the higher t(Mti- 
fierature in grilling 
seals up the surface of 
the meat, prevent ing 
the escape of the 
flavouring substances, 
and at the same time th<' chof) or steak, 
being thin, is cooked right through 
practically at once. 'Fhe fniffed-oiit 
form of a grilk*d chop or steak, which is 
a .sign of good cookery, is due to the 
water vapour produced by the heat 
from the fluids in the meat being unable 
to escafM? 

Roasting and baking, when done 
firofierly, not only i>re.serve the flavour 
of the meat, but develop by the chem- 
ical changes that are set up certain 
substances which arc them.selves very 
palatable. The dark brown sticky 
substance which we see on a wcli" 
cooked joint, and which is very savoury, 
is known as osmazone. 

In roasting and baking, as well as in 
boiling, it is a great mistake to have 


too high a tcmf)erature. Experiments 
show that meat will cook as (fiiicklx’ 
at a ternperature of 175 degrees centi 
grade, as at 195 degrees. If the meat 
bo cookcfl at a lower tenifierature, as 
at 1 00 degrees centigrade, that is, 1\2 
degr(‘es I'ahrenheit, much longer is 
retiuired in the process, but the chances 
of ovcr-cooking and sfioihng the meat 
arc le.ss. 

“ Boiling ” is an unfortunate term 
lor the cooking of meat by moist hc.it, 
for it is neither necessary nor desirable 
to .subject the meat to water at boiling 
point. At a lower tcm|K7raturc the 
ri'd colouring matter is decomposed 
and made brown just as well as by 
boiling water, and the meat is not 
hardened by the proteins being coagu- 


lated tt>o much as they are when the 
water is boiling. 

Dr. Robert Hutchisem, the groat 
authority on RkkI, says that if two 
eggs are taken an<l one is kept in 
water at a temperature of 173 degrees 
l''ahrenheit for ten or fifteen minutes, 
and the other for an ecpial length of 
time m boiling w^ater, it will be found 
at the end of the exiieriment that the 
contents rif both are solid througliout, 
but that in the case of the former they 
consist of a tender jelly, whereas in 
that of the boiled eggs they arc 
dense and almost leathery. 

What is true of the egg is true also 
of meat. Actual boiling hart lens the 
proteins and should be avoided. If the 
meat is being boiled to produce soup, 
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then, of course, it does not matter 
that the flavouring substances in it 
are dissolved in the water. But if 
the meat is to be eaten, then the less 
the substances are dissolved the better. 
That is why when boiling meat as 
.small a quantity of water as po.ssible 
should be used, for the more water 
there is the more will the soluble 
substances in the meat be dissolved. 

Here again, as in the case of roasting 
meat, the out.side should be sealed 
up with a layer which will shut in the 
sfilublc substances. This is done by 
plunging the raw meat into boiling 
water and leaving it there for a few 
minutes. The proteins in the fibres 
of the surface become quickly coagu- 
lated, and thus the inside is sealed. 

But after this is done, 
for the actual cooking, 
the temperature of the 
water should be lowered 
and the conking allowed 
to proceed only slowly. 

Stewing is often 
rt'garded as a form of 
boiling, but the jiro- 
coss is really the oppo- 
.site to boiling. Wlien 
boiling meat to cook it 
we do all we can to 
keej) in the flavour and 
juicc.s, and merely use 
the hot w a t c r as a 
medium for conveying 
heat to the meat. In 
stewing, however, the 
w a t e r is not only a 
heat-giver, but a sol- 
vent lor extracting the 
juices from the meat. 

Another methrid ol 
cooking IS that ot fry- 
ing, and this is u.sed 
particularly in the case 
of fish. Success! Ill fry-^ 
ing depends u})on th(‘ 
food being exposed 
.suddenly to a very high 
temperature, so that 
the proteins of the sur- 
face may be coagulated 
to keep in the flavour- 
ing substances. T h e 
fish, being thin, is cookctl almo.st in- 
stantaneously. 

'Phe high temperature required is 
obtained by using fat or oil, which is 
heated in the frying-pan to its boiliug- 
point, that is, a temperature of 330 
degrees Fahrenheit or more. The fish 
or other object to he fried is then 
plunged into the boiling oil and the 
sputtering and cracking which occurs 
is due to the Tnoi.sture at the surface 
of the fish which is suddenly converted 
into steam. 

It is quite wrong to regard the fat 
used in frying as merely a means of 
preventing the fish from adhering to 
the pan. It is only when the fish is 
immersed in the boiling fat that it is 
really fried. 



koi the quick cooking ot food an autoclave or pressure cooker is used. It 
consists of a strong metal pot with a lid which locks over it by means of a 
groove and ring. When the lid is in position no steam can escape ; the 
greater the steam pressure within the pot, the more securely the lid is held 
on. The lid cannot be removed while the steam pressure remains. The lid 
is fitted with a control valve which can be set to the pre.sjsure required for 
cooking any particular food. When the desired pressure has been reached, 
steam escapes through the valve and blows a whistle to warn the user. If 
the valve fails, the steam blows out a safety plug. With the Prestige cooker 
illustrated above several different foods, each in its own basket-container, can 
be cooked together without the flavour of one food affecting the other. 



HOW A PICTURE CAN BE PRINTED IN A BOOK 
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Before a picture can be printed in a newspaper or a book like this a metal plate must be made in the manner shown on pages 596 and 
597. As the printing ink is all black the different tones of the picture can only )>e obtained by breaking the picture up into small dots. 
These will all print black, but the lighter parts of the picture will have smaller dots than the darker parts, and thus the varying size 
of dots at different parts gives the different tones of the picture. On this page a small picture of a girl's portrait has been greatly 
enlarged to show how the dots vary in size. In the darker parts they run into one another and print almost solid black 
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JET SPEED-BOAT THAT JUMPED THE WATOR BARRIER 


The photograph on the right shows 
the jet-propelled Bluebird II in which 
Donald Campbell set up a new world 
water-speed record of 239*07 miles 
an hour. The record-breaking run 
was made on Coniston Water, Lanca- 
shire, on November 8, 1957, and 
the officially-recognized speed was 
the average of two runs over the 
measured mile. On the first run 
Bluebird’s speed was 260*1 miles an 
hour, and on the second run was 
218*024 miles an hour. 

While setting up the record, 
Bluebird broke through what is 
called the water barrier. This is a 
condition that occurs when a boat is 
travelling at speed in the region of 
200 miles an hour, and is thought to 
be caused by the forward movement 
of the boat so compressing the water 
in front of it that the water builds up 
in a solid mass, making an obstacle 
rather like a brick wall. Its effect is 
a violent pitching movement which, 
if the boat is not carefully designed 
for high speed, may smash the vessel 
to bits. 

The water barrier is believed to 
have been responsible for John 
Cobb’s fatal accident on Loch Ness 
in 1952, when his speed-boat 
Crusader disintegrated while travel- 
ling at 240 miles an hour. 



The drawing below is of Bluebird II cut away to show you what the boat is 
like inside. To prevent it from turning over when travelling at high speed, 
the boat is fitted with two stabilising floats, like those of an outrigger canoe. 
While travelling at speed, the navigator is in constant radio communication 
with observers on shore, who can thus warn him of any objects fioating on his 
course. If a motor boat travelling at Bluebird’s speed struck even a small 
piece of fioating debris it would either turn over or sink. The drawing is 
lettered to indicate the chief parts as follows : A, pitot head for giving the 
speed of the boat ; B, radio transmitter ; C, main spar ; D, linkage to rudder ; 
E, throttle, operated by foot ; F, throttle, operated by hand ; G, cockpit cover ; 
H, guard to prevent anything but air from entering the jet engine ; J, starter 
motor ; K, compressor for jet turbine ; L, fuel nozzle ; M, combustion 
chamber for jet engine ; O, turbine wheel of jet engine ; P, engine thrust- 
cone ; Q, ejffiaust vent ; R, spar supporting floats ; S, rudder. The jet 
engine installed in Bluebird II works in exactly the same way as that illustrated 
and described in page 248. 





TOLESCOPE THAT LISTENS TO “STAR BROADCASTS” 




As explained in page 287 some of the most distant 
stars transmit radiation which can be detected by a 
radio telescope in much the same way that a broad- 
cast programme is picked up by the ordinary house- 
hold receiver. As these photographs show, however, 
a radio telescope is a much more massive instrument 
than an ordinary receiver and uses as aerial a huge 
steel bowl carried on great girders mounted on bogies 
running on rails, i. Control room from which the 
huge telescope, which weighs 1,500 tons, can be 
directed to any part of the sky by pressing a few 
buttons. 2. Two of the electrically-driven bogies 
which run on a track 230 feet in diameter. 3. Inside 
the bowl aerial which is 250 feet in diameter and 
weighs nearly 750 tons. Originally open mesh, the 
bowl was afterwards covered with plating. 
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4. One of the 400 h.p. electric motors and bogies 
which move the mass of steel girders supporting the 
reflector aerial. 5. The reflector aerial supported 
between its two steel towers. The arc-shaped girder 
passing below the reflector supports the aerial as it is 
moved from the vertical to the horizontal. Other 
details of this wonder instrument for listening-in " 
to stars are given in page 287. 
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THE CHIEF STARS LOOKING NORTH AND SOUTH 
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In this picture-diagram we see the principal constellations or groups of stars in the sky as we look north in the middle of October at 
nine o’clock in the evening. Of course the most easily recognised of these groups is the Plough, part of the constellation of the Great 
Bear. We see its pointers, that is, the stars Merak and Dubhe, which point almost directly to the Pole Star, the point round which 
the other constellations circle. We see part of the Milky Way crossing the heavens on the right of the picture. The sky will have 
the same aspect as this in the middle of November at seven o’clock in the evening, and in the middle of December at five o’clock 
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Here we see the night sky at nine o’clock in the middle of October looking south. Again we see part of the Milky Way. Everyone 
should be able to pick out the principal constellations, and with the aid of these picture-diagrams and those appearing on pages 130, 
415 and 718 we can quickly learn how to do this. When we have identified one of the constellations it is quite easy with the chart to 
detect the others. It is a great convenience in identifying the various stars that men have grouped them into these constellations. 
The ancients fancied they saw some resemblance to the objects named, the Bear, the Dolphin and so on, but we can see none to-day 






Wonders of the Sky 



NATURE’S CURIOUS PINHOLE CAMERA 


The foliage of the trees sometimes acts as a pinhole camera and images of the Sun are projected on the 
ground underneath. When an eclipse of the Sun is taking place these images are in the form of little crescents, 
and arc a very interesting sight, as explained on this page 


D uring a solar eclipse. U the sky is 
unclouded, there is a very 
interesting phenomenon which 
we can see, namely, the projection of 
many images of the Sun, partially 
eclipsed, tlirown upfin the ground under 
a tree tiuit is clothed with foliage, A 
}>ictnre of this interesting plionoiiumon 
IS given on this page, and Ihe^ next time 
there is a partial eclipse of the Sun 
we should look out for Ihesr images 
underneath tlu' trees. 

Before we can iind(‘rstand why there 
should Ix' so many rt'prt'senlalions of 
the Sun upon llio ground wo must carry 
out a little exp(?rimont. take an 

ordinary cardboard pillbox and replace 
the card ot the hd witli tissue pa]M'r 
Tlien in the bottom of tlic box we make 
a small hole with a pin or nei'dle. 

if now we hold the pillbox in front 
of the flame of a lighted candle, we shall 
see an image of the flame upside down 
shining through the tissue pajier. \\'hy 
the image is upside down we set' in the 
picture of the camera on page 177. 
Th(‘ rays of light cross one anoth(*r 
as they go through a tiiiy opening, 
and so what is at the 
top in the ol)](*ct is 

Watching the Flames 


will ])ass tlirough the hole, and it we 
hold a jiirce of ground glass such as 
that whu h we find in a Iranspaient 
drawing slate, before* the* httle, we shall 
see tlirown on this glass screen a httle 
iniagt* ot th(‘ Snri. If we prii k a .secoml 
hole ill the blind there wiM b(* a .second 
ini.'ige, and s«> on 

The .same kiinl ot thing hapj)ens 
when the Sun is shrong through a tree 
that IS 111 full leal. The* o]M*niiigs 
between the* leaves are like so many 
liUli^ pinholes, and as the Sun shines 
down and through these* ope'nings, 
image's oi tlu* Sun’s disc are thrown 
upon the ground Ix'hnv 

Images of Different Shape 

In ordinary times lln'se imagers are 
( in nlar or oval according to Hm* time 
of ilav. When the Snn is sinning nion^ 
or less din*ctly down upon the tree Hk' 
imagt'S are circular, but when he is low 
oil the hoii/onthen th<* images are seen 
in pers]x*ctiv(*, and are oval in sliap*. 

Hk' interesting ptnnt, however, is 
that when an eciipSje of tlu* Sim takes 
|)lacc and its disc, owing to the passage 


ot tlu* Moon .11 loss it, beconu-s hUe a 
crest ent, the images «)i tlx* Sim that 
art' cast ii})on the ground beneath tlu* 
tree are lik(* so many little* crescents 

It is mt(*U'sting vnJumi then* is an 
('elipse ot the Sun to ('atih on a scr(*en 
an imagi' ol the sc)lar di.se with the 
md(‘nt.itiou pro(liiC(_*d by the jiassagc 
ot till* Moon betw’een us and the Sun 
We can obt.ain such an image if we 
e.xpose to the Sun during a juirtial 
(*( lipse a card with a inulioh* prickrd 
m it. The rays from the Sun passing 
through this small hole will throw* the 
image of tlu* partly ei lipsi'd Sun on the 
screen, nisi as w’as dom* when a hole 
was picrted in the dark blind over the 
window. 

Tlu‘ foliage ol tlu* lice w'lu*n tiie Sun's 
di.se IS ptojected through the opi'iiings 
bf'tweeii the leaves is really aiding as 
a pinhole camera, and tlu* ground 
underneath cot responds with the ground 
glass screen at tlie back ol the cami'ra 

As a ]m*liminary to examining the 
solar ert'seents under a trt‘e during an 
eclipse, which we may not have an 
opj)ortunitv o! doiTig lor sonu* time to 




come, we may carry 
t>i»t a .simple and in- 
ti ‘n *st i n g t* \ pe n m en t 
in our homi.* on any 
evening 

Most ot our houses 


Now let us make 
a seiorul hole in the 
br)ttoin ot the pillbox 
witli the pin. We 
hold the box once 
more m tront ol the 
candle flame, and 
now' we see two im- 
ages, one <• Dining 
thtough each hole 
So we might go on, 
making turt her h< )k‘S, 
and at eiich addition 
we should see another 
imagt* of the flame on 
the tissue paper. Wi* 
must not make the 
holes too close to- 
gether, or wi* shall 
find thai one iinagi* 
will ipt(*rler(* with 
anothi'f and be loss 
distinct. 

Let us now i arr>' 
out ani;tlu‘r exjierf 
ni(‘nt. We can place* 
a very dark blind 
ov(‘r the window of 
a room facing the 
Sun and then make a 
hole? in it. A beam of 
light from the Sun 



The many images of the partially eclipsed Sun projected on the ground by the 
light passing between the leaves of a tree 


:ue now lighted by 
gas or elei tneity and 
m one ot tlu* looms 
probably there is a 
cliandeher with tlu* 
lights hanging from 
the ceiling 

A Simple Experiment 

Well, j 1 we prick a 
holi^ m a c/ird and 
hold it niulerneath 
tlie light near the 
table, we shall see 
a minute repri'seiita- 
tion of thi’ light or 
lights above. II 
these are e I e c t r 1 c 
lainjis we shall .sie 
the sha]>e ol thi* illn- 
nnnated filament on 
the table. 

Now il wi* prick 
other holes in the 
card, we shall find 
thrown on the table, 
or whatever surface 
IS 11 rule meat h, as 
many r c p ri'st *1 1 tat ion s 
of the lights above 
as there are holes 
in the card 
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THE GREAT WISPS OF GAS IN THE SKY 


■% 



Th« great spiral nebulae such as that in Andromeda are now known to be vast universes like our Milky Way system, but lying far beyond. 
Then there are what are known as planetary nebulSi believed to be stars in the Milky Way system surrounded by enormous luminous 
atmospheres. A third class of nebula is shown in the photographs on this page. Such nebulas are called galactic, because they form 
part of our galactic or Milky Way universe. They are of irregular shape and look like wisps of glowing gas, which they probably are 



The two photogriq}hs on this page show views taken at the Yerkes Observatory in the United States of the Great Galactic Nebula in the 
Constellation of Cygnus or the Swan. Like all nebulse it is of vast siae, and enmeshed in the great mass of glowing gas are several 
stars. The fantastic shape of the nebula is due to the fact that parts of this great drawn*out cloud of gas are opaiiue, while other parts 
are made luminous by the radiation of the stars in it. The density of the gas varies greatly. In parts it is almost incredibly thin 
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THE OIL THAT COMES FROM THE ROCKS 

Oil in the present century has largely usurped the place that was held by coal in the nineteenth century. 

When we realise how much the world to-day is dependent upon oil, it seems wonderful that the first modern 
oil well was sunk in America so recently as 1859. There is no doubt that the Ancients tapped oil which lay 
near the surface of the ground, but they had no idea of the great stores that were hidden deep down in the 
Earth*8 crust. Something about the origin of oil is told on this page 


A vast amount of power stored up 
in the Earth ’.s crust is now being 
utilised by man to carry him to 
and fro over the Earth's surface, and 
to work his machinery. Some of this 
stored-up power is in the form of coal, 
and in the nineteenth century coal w^as 
hing. 

But now coal has been to a large 
extent supplanted by another form of 
.stored -rip power, namely, oil. This, too, 
is obtained from the dark places of the 
Earth's crust. It must be bored for, 
and Tike coal it is really a form of 
stored-up sunshine. 

There is more mystery about the 
origin of the oil than about the coal. 
We know that coal consists of the 
buried forests of past ages. We find in 
the coal measures complete trunks of 
pre-historic trees and tree ferns, and 
now and .again in our coal-scuttles we 
"’ee the impression of a leaf or stalk on 
the coal that has been deliv(»red to us 


for our fires. There is no doubt wliat- 
ever alxiut the origin of the coal 
measures. 

Hut w'hen wc come tt) od, men of 
science are not so sure, although it is 
generally agreed by the majority of 
scientists tliat while oil is a mineral 
at the present time, it consi.sted in iai 
distant agt's of orge.nic matter. 

Tt is Ix^ht'ved to have had an aejuatic 
origin, and to have resulted from 1 Ik‘ 
decomposition of water plants and po.s- 
sibly of animals nndin* the iidliKuice ol 
pressure^ and h<‘at W'orking through a 
long period. The plants oi animals, it 
is believed, wen* burj(‘d at the saint* 
time as the sediments that form Hie 
rock.s, and probalily mo.st of tht* organic 
remains lived at one t ime in tin* sea. 

Oil consists mostly of the two ele- 
ments, hydrogen and carbon, which are 
found in animals and plants, and it is 
believed that the erlea lures from which 
the oil originated were not large forms 


of life, but small ami even microscopic. 

Ancient .s<*as, it is thought, ebbed and 
flowed across the continents, leaving 
at eacli inovemt'ut deposits of aiiimat 
ami vegetable matter with the muddy 
sediment, and this organic matter, 
being sealed up for long ages, decom- 
posed very .slowly, till at last it was 
changed into the form in which we now 
find it. namely, pelrolt‘um oil and 
natural gases. It iiuist be remembered 
that natural gases aie generally found 
in the* same? places as tlie* oil deposits. 

It should be* mentioned that while 
.some geologists liclictve tlie oil has come 
Iroin both animal and jdanL life, one 
section thinks it is exclnsivelv animal 
and another seed ion entirely vi‘gcdable 
in its origin. A small group of geologists 
still adhert's to the old theory that it 
is neither animal nor vegetable, but 
mineral in its origin, that is, that it has 
been produced from the minorals in 
the rocks under the influence of heat 







MAKING MODELS OF THE GLOBE ON WHICH WE LIVE 





The geography of the Earth on which we live is being more and more studied by means of globes, which give a much better idea of 
the Earth’s surface than any flat map can do. Shapes are cut out by means of a punching machine and curved into hemispheres 



Two hemispheres are then fastened together to form a globs, and the maps which have been prepared and printed in colours are stuck 
on this sphere in sections, after which each globe is carefully mounted on an axis and stand and is ready for use in the school or home 

9«6 




THE BIGGEST SUNDIAL IN THE WORLD 
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The people of Ancient Egypt used to tell the time by the shadows cast on the ground. They made a clock m the form of a shadow scale, 
as shown on page 444. But the changing length of the shadow cast by any object gave them a very good indication of the time of day. 
In this sense every tree and building became a sundial. The biggest sundial in the world is the Great Pyr^id of Cheops, in Egypt, and 
the Ancient Egyptians were able to get an idea of the time of day by watching how far the shadow of its apex reached. In this 
photograph, takw from the top of the Pyramid, looking towards Cairo and the Nile, we see the shadow of the Pyramid cast for hun- 
dreds of feet across the country. The top of the Pyramid was originally pointed but is now flat, whUe the sides, now a series of steps, 

were once covered with smooth slabs of stone. 







Although the United States is the country generally associated with tornadoes, these small but powerful whirling storms that do so 
much d^truction in so short a time are sometimes experienced in other parts of the world. The four photograph on this page show 
the coming and going of a tornado at Peshawar in India. Like a great waterspout the tornado rerolved rapimy beneath ^e threatening 
cloud$» whirling here and there and changing its shape, till, as shown, it became smaller and smaller and at last disappeared. A^rt 
from the terrible destruction that it does, a tornado is a Tory terrifying experience, for as it travels it makes a trufy deafening noise 
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The famous Logan Stone situated near Saint Levari in Cornwall is now the property ot the nation, and a very interesting stone it 
is. It is almost on the tip of England, and consists of a great granite block 17 feet long and 32 J feet in circumference at the 
middle. It weighs about 65 tons, and by a push of the hand can be made to rock. It rocks only in one direction, and there is a 
quantity of loose gravel near the points of contact which are the result of wear. The Logan Stone was not carried to the spot where 
it rests by a glacier, but is the result of the cracking and weathering of tlie mass of rock of which it once formed a part. At the 
thinning of the nineteenth century a naval lieutenant named Goldsmith, foi* a joke, threw the stone off its balance, and he was 
ordered by the Admiralty to replace it. He had to employ sixty men with a tackle, and the job took about nine weeks. The total 
cost of replacing the stone on Its base was £124 zos. 6d. It was a useful warning to practical jokers not to play tricks of this kind, 
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THE STRANGE LIFE-STORY OF AN EVHw GERM 
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Here is the wonderful life-story of the malaria germ. The anopheles mosquito, in which the germ lives, is hatched from eggs laid on the water. 
It settles on a human being, pierces the skin to suck blood, and spores of the malaria parasite from the mosquito’s body enter the victim’s blood, 
where they develop. Another mosquito setUes on the person and pierces the skin, and in doing so takes up some of the spores. The spores develop in 
the mosquito and new germs are produced in that insect. When it bites another person it inserts some of the spores in the victim’s blood, and 
so the evil work goes on. In the human blood the spores develop and cause malarial fever. The corpuscles and spores are shown here greatly magnified 
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THE ROMANCE OF A GREAT DISCOVERY 

If wars have slain their thousands, malaria has slain its tens, nay hundreds of thousands, and many historians 
and scientists now believe that it was this fell disease which was responsible, more than any other cause, for 
the downfall of the Greek and Roman civilisations. It was an unconquerable scourge till recent times, when 
a great English doctor. Sir Ronald Ross, who gave up his life to its study, discovered the whole life-story of 
the malarial germ, and showed how it could be conquered. Here is the story 


O F all the scientific triumphs ot tlu* 
last hundred years it is doubtful 
if any has Ikhmi of greater value' 
to the; human race; than the discovery 
of the real nature of malaria. It is 
declared by com|x?tent aiithoritie's to 
be the chief of all diseases from which 
the human race has ever suffered, 
and it has been estimated that ov(‘r 
one half e^f the entire mortality of 
mankind throughout history has lieeii 
due directly or indirectly to malaria. 
In India alone to-day about i.v^o.ooo 
deaths result from malaria every year, 
and the financial loss to the United 
States from the disease is said 
to be not less than //^^.ooo.ooo, 

There are about three million 
cases of malaria in the IJnib'd 
States every year, and millions 
of acres of rich and fertile land 
are rendiTed u.seless through the 
dread disease. 

1'he word malaria means “ bad 
air.” and it was thought up till 
the end of the luueteenlh cen- 
tury that it resulted from the 
gases and unwliolesona* odours 
given off by s\vani]>s Mi'ii 
tried to prevent the disen.se. but 
failed, and ail tliev could d(» 
was, by dosing ])ati('nls with 
quinine, to reduce its intensity 
<ind give the patient some 
chance of reco\er\' 

Malaria Alters History 

The influence of malatia on 
human history tady now 
coming to be understood. It 
is believed that the downfall 
of Greece as a world fiower was 
cine to the inroads of malaria, 
which undermined the health 
of the people and sapped their 
vitality. Kven in modern times 
it influenced hisloiy, a striking 
example In'ing the impossibilitv 
of cutting the Panama Cana I till 
malaria had been eoiupiered in 
that region. 

The discovery that malaria can be 
abolished in a country if only 
certain precautions an* taken is <i 
blessing that has been brought to 
the human race chiefly through the 
work of a g^at Englishman, Sir Konald 
Ross. Kos.s, who was a member of 
the Indian Medical Service, gave his 
life up to this great task, and he 
was successful. 

Like so many real benefactors of the 
race, he has ne\'er been rewarded for 


Ins work. /\ gtmeral or an a<ltmnd 
who succeerls in killing large number^ 
ol men is made a lord anti given 
a fortime, but a man like Sir Konald 
Ross receives practically no n'warti 
at all, and indeed s|>enfls s<» mncii of 
his own money m carrying out Ins 
(‘Xperiments that he is worse off rattu'i 
tlian better as the n'sult of iiis sut ccsses 
In years to come, no tloubl. this 
Englishman will be placed among tlu^ 
greatest benefactors that tli<‘ world 
has ever known 

The story ol the conquest ol malaria 
IS a great romance In 1880 a I'rtsich 



The young English surgeon u.sed to go round pricking the 
fingers of native Indians and paying a rupee to each, in order 
to get adequate supplies of malarial blood for examination 


army surgeon in Algeri.i discovered 
that malaria was due tx) a germ, and 
three years later Dr, King, of Wash- 
ington, suggested that probably this 
germ was spread by moans of 
mosquitoes, which were always found 
in great numbers in malarial districts 
With this idea in his mind Sir Ronald 
Ross spent years trying to trace th<' 
real history of malaria, and he pro\ed 
l>eyond a shadow of doubt that the 
parasite or germ which caused the 
terrilile disease is dependent, for its 

09 1 


tiansmission Irom human being In 
human being, upon a species ol 
mosipiito known as Anopheles. The 
name is from a Greek word whi< h 
means hiirlful. and certainly the name 
Is a very true and descri})tive one. 

To tell in detail the story of how the 
discovery was made would take more 
sjiaci* than we can spare ; but we may 
mention th.it Ronald Ros.s, as a young 
surgeon, went round pricking the 
fingers of nat ves and paying a rupee 
to each, m order to gel cwleqiiatc 
supplies of malarial blood. I'hcn lie 
used to examine these specimens 
patiently through the micro- 
scope, and on onetjciasion he 
watched a minute organism for 
three hours, without taking his 
eye from the instrument When 
his holiday became due. he spent 
twomontiis in the most nitilaria- 
strirk(‘n jungle he could find, 
and there conlrailed the lever 
lums<;ll 

A Last Minute Discovery 

It IS remarkable to think that 
wluui at last he was success! ul 
111 di.s( overing the malaiia gcrni, 
it was during the examination 
of the very last mosquito of a 
batch, ile had, from that batch, 
(wamined without result no 
fewer than a thousand mos 
<juitocs’ stomai lis, and almost 
gave up in despaii . W hen sue 
Lt'ss ( nine, however, he was sc> 
enthusiastic that he wrote a 
poem in celebration ot the event. 

Ta't ns now' I'xplain exactly 
how malaiia is caused, an<l how 
it is s]>read. Peo])le do not 
catch it by breathing bad air in 
swaiiqiy districts, however bad 
the air may bo, nor cfi.) they 
catch it by being with peo])le 
who have already got the dis* 
(*ase, as they catch smallpox or 
scarlet fever Here is ^hc true 
story of malaria. 

r'ho germ or parasite which gives 
and spreads the flisease lives and 
thrives insitle tlie blood of anopheles, 
'file life history of that mosquito is 
very much like that of the mosquitoes 
which we find in England. It lays its 
eggs on the water, but instead ot 
forming them into a raft or boat 
like our English mosfpiitoes it lays them 
singly, each egg being provided with 
a kind of envelope which become.^ in- 
flated so that the egg floats, After a 
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time the larva chanties into a pupa 
and in due course this develops into the 
i:)erfect insect with two wings, six legs, 
and a proboscis or long, sharp sucking 
organ with which it can pierce the 
human skin. 

The anopheles mos(^uito lives on 
blood, and this it obtains by settling 
on some part of the human body and 
piercing a blood vessel with its pro- 
boscis. The insect rests generally 
during the day, but becomes active 
about twilight. It may, however, do 
its evil work in the day-time once 
it gets inside houso.s. 

A Great War in the Blood 

Now let us .see the connection of the 
anopheles mosquito with malaria. Tlie 
malaria parasite, which belongs to the 
lowly cUivSs of animals known as 
sporozoa, a name which means seed 
animals, lives inside the mosquito. 
When that insect pierces the human 
skin in orrler to suck blood, it leaves in 
the blood of its victim one or more 
spores of the parasite, which enter the 
human body with a drop of saliva from 
the mosquito. Immediately a spore, 
a kind of egg, enters or attaches it.self 
to a red corpuscle in the blood it at 
once begins to grow and develop, 
changing its form a good deal as it does 
so First it is something like a ring, 
then it gets irregular in shape, and all 
the time it is increasing in size until in 
about forty hours the nucleus divides 
into a number of fragments. There 
may be as few as ten or as many as 
thirty- two. Then the rest of the body 
divides up into parts, each one of 
which surrounds a fragment of the 
nucleus. 

These parts have now become a heap 
of little spores, and soon they burst out 
of the corpuscle and begin attacking 
other corpuscles which had no malaria 
germs or parasites. There they at onco 
repeat the story of the s[K)re that first 
entered the corpuscle, and .so rapid is 
their multiplication in the blood of the 
victim that within a day or two he may 
have as many as three million million 
malaria parasites in his blood. 

Dr. Asa Chandler, who has written 
about malaria says that a better 


conception of the real meaning of such 
a number may perhaps be gained when 
it is realised tnat to count off this 
numbtir at the rate of a hundred per 
minute dav and night without cessa- 
tion would require thirty times the 
f)eriod that has clap.sed since the birth 
of Jesus. 

Now all the time that the parasite 
has been growing and multiplying in 
the human victim, it has been living 
upon the hsemoglobtn in the red blood 
corpu.se Ics. Haemoglobin is the colour- 
ing matter of these corpuscles and is 
the substance which helps the blood to 
take up oxygen, as it passes through the 
lungs, and convey it to all parts of the 
lv)dy. It really enables the blood to 
be the great oxygen carrier of the 
body. We can understand, therefore, 
how serious it is when this substjuice is 
consumed by the malaria parasite. 

From the Victim Back to the Insect 

The red corpuscles, which largely 
lose their colour, causing the malaria 
patient to have a sallow skin, become 
more and more useless until eventually 
the parasite kills its victim, or at any 
rate so undermines his health that he 
loses strength and vitality. But we 
have not yet finished the remarkable 
life-story of the malaria germ. It 
goes on developing, in the manner 
descritied, in the blood of its victim 
for two or three weeks, that is as long 
as the condition of the blood provides 
a suitable sphere of environment. But 
when thi.s, owing to the di.seasc, ceases 
to be suitable for the normal multipli- 
cation, the germs then begin to pro- 
duce offspring of a diflcrcnt form. 
They are sausage-shajxid crescents, 
some being males, and others females. 
They live on in the blood for several 
weeks, but when an anopheles mos- 
quito pierces the skin of the human 
victim who.se blood contains these 
male and female germs, some of them 
are sucked up through tl>e proboscis and 
enter the mosejuito’s stomach. Here 
they change. The male germ develops 
a number of slender filaments which 
move to and fro rapidly, and at last 
break loose and wnggle about in the 
stomach of the mosquito. Sooner or 


later they meet and enter one of the 
female germs, which thus becomes 
fertilised, as a flower does with pollen, 
and the result is a new generation of 
malaria germs, different in form from 
the ordinary ones. 

The new germ resulting from the 
male and female spores is something 
like s little worm, and it wriggles about 
and at last penetrates the inner wall of 
the mosquito's stomach and lodges 
between the inner and outer linings. 
There it begins to develop rapidly. A 
heavy capsule grows and juts out on 
the other side of the mosquito's stomach 
something like a wart, and then the 
contents of the capsule divide up into 
a number of spindle-shaped bodies 
which are new spores. Each capsule 
contains about 10,000 spores and there 
may be as many as 500 capsules on a 
single mosquito's stomach, so that 
altogether there are about five million 
spores. 

After about a fortnight the capsule 
bursts and the spores are released. 
They make their way to the saliva 
glands of the mosquito, and next time 
it alights on a human being and pierces 
his skin some of the spores are left in 
his bkK)d and the whole process that 
has been described goes on again. It 
will be seen, therefore, how difficult it 
is in a malaria district where the ano- 
pheles lives and thrives for any human 
being to escape malaria. 

Getting Rid of Malaria 

But the discovery of the life-story of 
the malaria germ has helf)ed us to get 
rid of malaria. All that we have to 
do is to drain the swamps and cover 
the puddles with oil so that the ano- 
pheles cannot live and thrive, and then, 
of course, the malaria germ also is 
unable to live. 

This is what was done in the Panama 
zone and what is being done in many 
other districts formerly notorious for 
malaria. Boys and girls, including 
scouts, are being pressed into the ser- 
vice to hunt out the haunts of the 
anopheles and exterminate the pest. 
The whole thing is a great triumph 
of human ingenuity and patient 
perseverance. 


HOW THE SCALLOP TRAVELS THROUGH THE WATER 


W HEN we look at the 
scallop, the well- 
known mollusc 
that has a shell consist- 
ing of two valves hinged 
at the narrow end, we 
may well wonder how it 
manages to travel in Uie 
sea. It has no legs or 
feelers which enable it to 
pull itself over the 
ground or swim through 
tlie water. 

Nevertheless it man- 
ages to move, and it does 
this by an ingenious 
arrangement which is on 
the same principle as the 
motor-car driven by 



The two movements which enable the scallop to trav^ 


rockets, which explode 
at the back of the car 
and drive ft forward. 

The scallop when it 
wants to move opens its 
two valves and then 
brings them together 
suddenly. This causes a 
rapid stream of water, 
which by its reaction 
drives the shell forward 
as shown in the picture 
here. Then when the 
movement is ^nt the 
scallop opens its valves 
once more and snaps 
them together again for 
another stroke, and so It 
progresses. 


m 



In the Cretaceous Period, about four million years ago, there were still great dinosaurs living on the Earth, but the supreinacy of the 
reptile was on the decline. One of the most notable was the triceratops, seen \\ere with two large horns on the forehead and a smaller 
one on the snout, hence its name, meaning three-homed. There were also igiuanodons, one being shown with its head and forepart 
raised, and another dinosaur was the polacanthus, whose back was protected by a double row of plates. Great flying dragons flew 
In the air. and toothed birds, which spent much of their time in the water, were common. Mammals had made little progress 
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THE WONDERFUL NUT THAT RIPENS UNDERGROUND 


P KOPLF- an inclined to laugh at 
bov«? wlicn they tliein eating 
nionkovanits with a good deal 
ol relisli. But the hoys are right, for 
the nionkey-mil, called tlie pcn>niit in 
Anu'iica, and also the ground-nut, is 
one of ilie most valuable of food and 
oil plants 

It IS a meinh(*r ot the leguminous 
family, to which th(‘ pea, i)f*Hn and 
lentil Iw'long, and apart from its value 
as food the plant is oi the greatest use 
to the farmer, for like the other mem^ 
hers of its family it helps to fix the nitro- 
gtai ot the air in the soil, thereby en- 
riching the earth and enabling it to 
pro<luce better and higgiT crops ol 
other plants. 

The monkey-nut is a native of South 
America and the West Indies, but it 
is now grown in many other parts of the 
world, including North America, 
Europe, Africa and Asia 

Curious Form of Ripening 

The curious thing about this plant 
is the wav in which it ripens the nuts 
that are so popular. When the plant 
grows up it produces leaves which arc 
broken up into four oval leaflets and 
then the orangey-yellow flowers appear, 
m form very much like those ot our 
own pea plants. After these have beam 
fertilised the flower stalks begin to 
lengthen, and then they curve down 
towards the ground and bury the fruit 
or nuts in the soil 


There the nuts develop fully, and 
at last becomt‘ the wrinkled pods, each 
containing two seeds, which we know 
so well. If the stalk bfyaring the young 
poll docs not get buried, the* seed 
withers and does not develop into a 
nut at all. Tt is a strange habit. 

When the autumn comes, although 



How the monkey-nut grows, with its seed 
pods ripening underground 


the uppcjr part of the plant is still 
flowering, the harvest is gathered, for 
the.se late flowers produce only very 
small nuts and if the plant is allowed 
to remain so as to develop these, it has 
a chance of being completely ruined 
by an early frost. 

A furrow is jiloughed on each side of 
the row of plants, and these are then 
lifted up with forks and the soil shaken 
ofl the clustered nuts which are massed 
among the roots and stems as shown 
in the photograph on this page. The 
nuts always face inward, and so are 
protected by the top of the plant. The 
nuts are then dried and are picked out 
by liand or threshed out by machinery. 

Valuable tor Food and Oil 

It is not only as food that the nuts 
cire valuable. They are also a fruitful 
source of oil. This is pressed from them 
and is used not only as a substitute for 
olive oil and for burning, but for lubri- 
cating watches and othen delicate 
machinery. 

To show the enormous extent to 
which the pea-nut or ground-nut is 
now cultivated and used it may be 
mentioned that in one year alone 
British India exports over a thousand 
million pounds of nuts, Senegal about 
a thousand million |X)iinds and China 
530 million pounds. France imports 
over 1,500 million pounds of nuts a year. 

The leaves are also valuable as a 
fodder plant, Ixjing much like clover. 



A ground-nut plant as it appears when dug up with a fork. The nuts are now ripe, and after being dried will be picked for use. The 
plant Is a native of South America, but nowadays thousands of millions of pounds of nuts are produced In other parts ol the world 
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Her* we see « warehouse at the London Pocks with ^e^hardestlrory from West ^riM 

from Africa and othem from In^a md S»«n. Ttata wrig h fromj S^w^ ^ deteriorate 

*• SilT?fi^*,:Sl.htt.an Asiatic and it keeps it. whit, colour better 




HOW POWER IS CONVEYED BY ROPE BELTS 



In many factories the power produced by the engine is transmitted to the different floors by rope belting, as shown in this striking 
photograph. There are many advantages in using ropes instead of leather belts for the transmission of power. Ropes take up less 
room, they are much cheaper where the power has to be carried to a considerable distance, they do not slip to the same extent as 
leather, and they do not need to be exactly in line with the shafts they turn. The ropes work in V-grooved rims, the bottom of the grooves 
being round and the sides smooth to prevent wear. On a great drum all the grooves must be bf the same diameters and angles 
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A MIGHTY RAM TO SMASH JACK FROST 

Man no longer fears the power of the ice in the cold seas of the world. He is now able to build powerful 
vessels of the hardest steel that can resist the relentless pressure of the ice, and when driven by hiph-powered 
engines can, by means of a massive ram in front, smash a way through. Such vessels are known as icebreakers, 
and here we read something about them and how they were first given to the world by British engineering 


I N the old days of wooden ship^ these 
vessels wer(‘ at the mercy oi Jack 
Frost. Many a good ship has gone 
north to the regions ot ice and snow 
and been made a prisoner as the ice 
ckiscd round it. Then later it has been 
cruslicd by the jiressuie oi iiu- ue and 
left a wreck. 

Nowadays, however, tliere are ships 
specially designed with strengthened 
hulls and ))ows for navigating in ice- 
bound seas. 

It was the liritish who first began 
building ice-breaking vessels, ships 
made of the strongest steel and so 
i‘,oiistructed with jjowerlul rams in 
I rout that th(*y could smash a way 
tlirough the ice. The first vessel of this 
type was the Baikal, built at Newcastle- 
ou''ryue fur the Russian (jovi'rnmeut. 
It was intended as a tram ferry, to 
carry th<* trams of tho Siberian Kail\va\' 


across Lake Hiikal when the lake wms 
frost -baund. 

Tlie ship had thiee powerlul engin<“s, 
two being placetl aft, that is, in the 
liind part ot the vessel, and one 
forwMrd. 'I'he forward eiigne* was to 
drive a screw in fiont, winch should 
turn rapidly and iliaturb the water, 
thcrobv wcakeiimi> the ice, and 
enabling tln' enormous weight of the 
vessel as it jiresse.d forward to smash 
up the ice and malo* a pafh for itself. 

Tlu* v<‘sst‘l was ilriveii forw.trd by 
two powerful propelku's behind. All the 
prop(“Ilers werci made of cast steel, thit 
forward one binug protected from tlu* 
icc under an overhanging stem. 

The Baikal was a tremendous success, 
and since then other ice-breakmg 
vessels have been built in ICnglanii. 
Anotlior one built lor the Russian 
Government was the lirinnrk This 


vi‘s^el lia<l three serew.>> behind and one 
at the fore end. She dul good vsm rk rind 
was then n*tiiined to tfie fyne to 
her U'ngtli inercrised by 15 feel. W'licn 
she w.is enlarged the forwrird s< rew 
was omitted. 

One of the largest ice-breakers is the 
Charlotietmmi, built in a Canadian 
shijiyard for the Canadian National 
Kailwa.ys. She is for the ferry service 
between Prince lulward Island and the 
mainland of New Brnnsw'ick. She has 
an (norm oils ram. and het propeller 
black's are bolted separatedy to the 
shafts, so tliat it by misfortune one of 
tluiin should he smashe.cl as she ])loiighs 
her w.iy through the ice, it can 1x5 
replaced more i^asily and cheaply than 
if the whok' [uopeller were smashed. 
I^xtra l)la(k‘s are carried on board, so 
th It in case of accident they can b<‘ 
fixed wPhout n'tnrnmg to port. 



The “ nose of the icebreaker Charlottetown^ built as a railway ferry between Prince Edward Island and the mainland of Canada for the 
Canadian National Railways. To it separate propeller blades will be bolted with the giant bolts and nuts seen in the photograph 
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firi* 111 citi«« hfts been broueht to a biah state of efficiency, and some wonderful aj^pliances are nw fnuse* 
Duuamp ’£4,000.000 a year, and in London about ^700.000. Here we see London floats at practice 


998 




k 



As buildings have been made higher and higher so fire-fighting appliances have had to be extended and made more powerful. The 
pumps of motor fire engines, such as the one illustrated in page 704, can throw water at very great pressure to a height of over 100 fwt. 
Turntable ladders (one is illustrated in pages 1300-1) can be used as water towers for pouring a stream of water down upon a burning 
building, and sudi a fire ladder can be fully raised and arranged in any position by one man in less than a minute. Here we sec 
firemen battling with the flames by means of fire-ladders up which the hose carries the water. The London Fire Brigade uses over 
63,000 tons of water a year, the greatest fire of all time was at Chicago in 1871, when the damage amounted to 3£39,ooo,ooo. 
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When there is likely to be snow, the electric railways keep a special train standing by for clearing the snow from the live rail. The 
locomotive is fitted with brushes on either side of the pick-up shoe as shown in the photograph, and as it moves along it sweeps the snow 
from the rail while a small squeegee behind each brush wipes the rail dry. Conductor rails must be kept dry to prevent short-circuiting. 

HOW THE BUFFERS OF A RAILWAY CARRIAGE WORK 
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These pictures show what the buffers of the railway train are like inside. In the older form of buffer steel springs were used* but nowadays 
rubber hasjargely taken the place of steel. There are rings or blocks of rubber alternating with plates ot steel, and when the carriages 
come together the rubber absorbs the shock, becoming compressed and offering greater resistance as the movement increases. In order 
to provide i^ainst a shock of extra severity, the buffers have outside the headstock an additional spring which comes into pUy before the 
main springs are forced right home. In the buffers of engines springs made of steel of very high quality are used instMd of rubber 
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BRINGING LIGHTNING FROM THE SKIES 

All our big buildings have lightning conductors, that is, spiky rods erected above their highest points. 
These are very necessary if the buildings that stand high above surrounding objects are not to be struck by 
lightning in severe storms. In these pages we read how the lightning conductor was invented, and how one 

of the very first was fixed on St. Paul’s Cathedral 


L IGHTNmr, was a j^iieat niystcrv 
to the ]KH)ple of ancient times 
They llioughl it was the 
ihumlerholts of tlie f^ods, an<J the^’ 
<lividcd it up into vaxious kinds, Plu^re 
was imlividnal lightning and f<itnily 
h^dilning and ex]danalory lightniai: 
and perfidious lightning, and so on. 

I'liese ideas were, ot course, all due 
to their ignorance of natural laws 
h'very phenomenon ol Nature was 
attributed to tlie action of the ^^ods. 
some bem'ficent and useful to 

man and others Iw ing m^iU'voh'nt .ind 
dangerous. 

\Ve now know the cause of li;^h(mid(. 
.iud that there are ihrvv kinds, known 
lespectivoly as fork light- 
ning, sheet lightning and 
;.;lol)C‘ lightniuK \V(‘ r«-a I 
ilxnit Iht'se in anothei 
part of this hook (page 281), 
i>ut it is worth while seeing 
how men came to lind out 
what lightning" really wa.s 
M<‘n had found tliat bv 
rubbing amlxT and glass 
rods with silk they could 
produce emious ellei is, 
iiiehifling .sparks, and it 
^^'as suggested that these 
Sparks, with their erark- 
liiif? noi:>e, were something 
like li.ghtninf.' and Ihimdoi 
on a small sc’ale 

Early Experiments 

fl wiis an Amenc.in, 

Ikmiamin Franklin, who 
was born a British snl)j(‘ct. 
though after tlh' War ol 
tu«lep<*»idence h<‘ Ixcanie a 
;it j/.eti of the United States, 
whf) first sn.n;-'est<‘d that 
lilts theory should be put 
to the tt'st and proved 01 
disprov(*d by ex|>cTimen1 . 

J'Yanklin, h<nvever, was 
not the first man to tanv 
out the experiment. A 
loeneh philosopla r n.iinetl 
'riiomasDalibar, l<*arning ot 
lYanklin's sntrgestion. put 
up in a garden at Marly, 
several insulated iron rods 
with points at the top, 11 1 
order to catch the light- 
ning. Sure enough, wht‘n a 
thunderstorm ]xissed uwr. 
from one of the iron points, 
which was 46 feet above 
the ground, he drew an 
electric spark a foot long, 
and charged a number of 


Leyden jars He kiuws th it ihe sjiark 
w.is due to tlu* lightning, lor .a Ihiindet 
clap followed almost iinmediatelv 
This wa.s on .M.iy ic»th. 17s.!, and .» 
month lal(‘r in .'\nierica Hf'n];iiinn 
Franklin carried out a still more striking 
experiment on the sanu' lines. During 
a thunderstorm he sent up a kit<* nirule 
of silk, on the top o^ whieli was fixed 
a piece ol thin wn**. At the (uid of t h< 
string whieh held the kite he lasliMied 
a silk ribbon and at the placi* where the 
string and the riblxm were tied to- 
gether he hung a tloor-key. It was a 
risky e,x])erimen1 , but men of science 
are brave, and take great risk.'- m ordet 
to add to human knowledgt' For -t 


imu' nottnng h.ipprncd. but piesenllv 
Franklm, watching lus string, noticed 
that the slioit loose strands of the 
inalenal sifXHl out stitlly at right angk's 
I'lu n h(‘ tone he^l tlir key and at once 
lelt an ekstrie shock and saw a spark 
As the string was W(’ 1 ted with thi> talk 
ing rain it !)ee<nnc a Ix'tter eoiuiiiLti^r, 
and lYaiikhn was abk* to colk^d the 
eleelriiitv lioin the kev by means of a 
Leyd(‘n jar lie h;ul proved Ivyonrl tht' 
sh.ulow ot a doubt tlial elei tricity and 
lightning were identica.!. A picture ol 
tus expiuiment is giv'en on page 2<>c). 

'I he next year anotlier French philo- 
scipher. De Romas, 0‘]M-rited the ex 
perinuud with bettei ayjpaiatiis. lie 
used a cord fox his kite in 
whicli a win* was inter 
woven with the hemp, and 
he n.'-ed a larger kite, om 
7 ieet Ingh and 3 fc'et widt', 
with a b)tal surface of 18 
squaie feet. By having a 
diy silk cord at the eml of 
the hi‘ni}X‘n cord he niadt* 
his kite much more ellec 
tive than Franklin’s. H<‘ 
also tastened a tin tube to 
the siting of the kite about 
3 feet from the ground. 

Semling up his kite mto 
the cloiuls in appan'iilh 
line weather he made a dis- 
< ovevy, tor he found that 
he could obtain electricitv 
when tliere was no storm 
and no thuiuk*!' and light 
mug to br SLsui or hi'ard 

The Dance oi the Straws 

Looking at the tin tubr 
lasteiK'd to the string cA 
the kite he noticed 1hre(‘ 
straws all standing (‘re-ct 
and peitormiiig a kind ot 
dam ( , like pnp]H;ts in th(‘ 
im lul)(*, without touching 
one .another. This little 
entertainimMit lasted about 
a fjiiarter ol an hour, and 
then sonu* dro]>s oi ram 
began to fail. 

I)(* Romas felt a .sensa-^ 
tion on his face as though 
it were rov(*red with a cob- 
web. and at tlu* same time 
ht‘ heard a rustling xu»i.se 
which he? describt'S as ’ like* 
that of a small forge bel- 
lows.” Still there wavS no 
lightning or thunder, but it 
became clear that he was 
drawing electricit\- trom 



The lightning conductor which guards the Editor's office at The 
Fleetway House, London, from thunderstorms 
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the cloiidH, and that the uiiantity was 
iiicH'asin^. He tht^n fore decided to be 
more careful and asked a number of 
friends who were watching; the expcri 
nieiit to spread themselves round to a 
iP eater distaiue. 

Then occurred something which De 
Komas acknowledges made him 
treinbh\ The longest straw was 
attracted by the tin tube and there 
lollowed thnHi loud sounds, greatly re- 
scnnbliiig thundcT. Some ot the com- 
pany likened them to the explosion of 
rockets, and others to the crashing of 
large earthen ]ars against a 


highest point of a building and carried 
down into the earth tlie lightning would 
stnk(^ the point atid pass down the 
metal without banning the building. 

I'hus he in\'('nted the lightning con- 
ductor, wliich is now fixed to all 
ini{M)rtant buildings. One of the first 
was fixed to St. Paul's Cathedral, the 
Dean anil Chapter having been greatly 
alarmed by the fact that St. Bride’s 
Cliurch in Fleet Street, not far away, 
hail been struck by lightning and seri- 
ously damaged. They were advised by 
the Roval Society to “ make a complete 


When, despite the pointed conductor 
at Purtlt:et. the magazine was struck 
by lightning in 1777, though no 
explosion occurred, the advocates of 
the knobs thought they had won the 
day. \ ('ommittee of the Royal 
Society, however, reported in favour ol 
|X)ints, and then the propounder of the 
knob theory iHicame veiy angry. 

He asked all patriotic Englishmen to 
support the party of the knobs, because 
the inventor of the |X>inted conductor 
Wtis Benjamin Franklin, a rebel then 
waging war with King George's troops 
in the American Colonies. 


pavement. Th ‘ sounds were 
heard in the adjoining city. 

At the moment of the 
noises a fire was seen 
slia[H„*d like a, spindle 
k inches long and half an 
inch in diameter. The 
straw whicli had caused 
the (explosion was now 
attracted along the siring, 
being alternately attracted 
and re|>elled, and t‘very 
Lime it was attracted by 
the string flashes of fire 
were seen and cracks 
heani. All this time no 
lightning was seen and 
there was .scarcLily any 
tfiunder, but a smell of 
sulphur was noticed. 

When the experiment 
was over, a hole >vas dis- 
(overetf in the ground, 
[>erpendicularly under the 
tin tul>e. an inch deep and 
half an inch wide, which 
had evidently been made 
by the flashes accompany- 
ing tlie cx]>losive sounds. 

Electric Shocks 

The exj>enincnt was 
brought to an end by the 
kite tailing. The string fell 
iicross a small outhouse, 
but the moment it was 
disengaged the p e r s on 
holding it felt a shock in 
his hands and a commotion 
through his whole body, 
which obliged him instantly 
to let go. The string falling 
on the feet of some other 
l>eople near by gave them 
an (ilectric shock, though 
not a severe one. 

Men, after centuries of 



Lightning flashes passing between cloud and cloud 



The public took up the 
(.j^uarrel, and it is said that 
George 111 actually tried 
to make the Royal Society 
revoke its resolution in 
favour of points. He had 
;ui interview with the 
President, Sir John Pringle, 
who refused, dc^claring "My 
duty, sire, as well as my 
inclination, will always in- 
duce me to execute your 
Majesty's wrshes, but I 
cannot re\^tTse the laws 
and operations of Nature." 

After the War of Inde- 
pendence the political 
aspect of the auarrel dis- 
appeared, and tne party of 
the points won. Men ha<l 
now found out not only 
the nature ot lightning 
but a means of protecting, 
their buildings from its 
unt'xpecb'd attai'ks. 

Strange Opposition 

It seems curious that 
there should have been for 
a long time a great popular 
opporition to the erection 
of ligh ning conductors. 
Many ignorant i>eoplo. hear- 
ing that the conductors 
were to lead the lightning 
down into the earth, feare<] 
that some evil result would 
happen, and were very 
hostile to their erection. 

I'hen there were fanatics 
who opi>osei! the erec'tion 
of lightning conductors on 
religious grounds. Iliey 
said it would remove one 
of the instruments of heaven 
for punishing sinful mortals. 

In France there w^as 


wonder, were learning by 
experiment a great deal about the 
lightning. Franklin continue<l hi.s 
experiments with a kite and found 
that some clouds are charged with 
fK)sitive and sonic with negative elec- 
tricity. Then ho reasoned that if 
lightning could be brought from the 
skies down the string of his kite or 
down a pointed metal rod, it should be 
possible to make a safe route for the 
lightning from the clouds into the 
ground, so as to protect building.s from 
being struck and damaged. 

If, sakl he, a rod of iron made as 
sharp as a needle w^ere fixe<l to the 


metallic communication between tlie 
t:ros.s placed over the lanthoni and the 
leaden covering of the great dome." 

This wa.s done in 1769, and the 
existing water pipes were used as con- 
ductors from the roof to tlie ground. 
A year or two later the Royal Society 
advi.sed the Government to have 
pointed conductors placed in jx^sition 
for the protection from lightning of the 
gunpow^der magazine at Purfleet in 
Essex. 

Then began a great dispute among 
scientists as to whether points or knobs 
were better for catching the lightning. 


opjKisition of a different 
and even stranger kind. 'Phe Abbe 
Nollet, a Frenchman, had txime to 
be looked upon as the greatest of 
living electrical scientists, and when 
Franklin by his dis(X)vericts received 
general homage in all countries, the 
v'^clf-estecra of the French was roused. 
The Abbe himself became fiercely im- 
tated that a foreigner should snatch 
from him his laurels, and so he used aU 
his influence at the French court to 
depreciate Franklin's invention and 
denounce it as an imposture. He declared 
it was dangerous and for a long time 
conductors were not used in France, 




HOW A BOAT SAILS AGAINST THE WIND 


Ws'.: 'I’i:''':. 








' X'"" 


Boat tackina in this direction 


Wind pressing on mainsail m 
this direction and driving boat 



'^d passing offmainsaiL 




Wind pressing on foresail 
Wand steaduing boat 


Speed carries boat tn this direction 
'when mainsail is on right of boat 


mainsail on right of boat. 


Wau or speed of boat 
it forward in this du 


at carries, 
direction 


'Wind pressing og mainsail in this 
Wdirection onddrivina boat 


^^ei or centre-piate which resists 
ttempt of wind to blow b oat 
■ idewaus or turn it over, 



Wind passing offmainsaiL 


This picture eacplains how it is that a boat can sail against the wind. In the ordinary wajr the wind would blow a sailing boat before 
it| but moring the sail and ru^er as shown the boat is able to sail in a slanting direction across the wind. The boat sails first in 
one diremon then In another^ and by taking a zigzag course reaches its destination. This is called tacking." The pressure of the 
water against the keel, or centre-plate» of the boat prevents the wind from blowing the craft over or driving it sideways. The wind, 
of course, wants to clear everything from its path. When it hits the sails of the boat it cannot get through, and so, as they are aslant, 
it glides off them and then continues its course, as shown in the picture. As the wind strikes the sails it pushes the boat, which moves, 
along the line of least resistance. If the sails were fixed in line with the deck the boat would be blown over in a strong wind 
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THE STRANGE MYSTERY OF THE BOOMERANG 


T he l>')()nH‘ranK is probably the 
most runous t)l all weapons, and 
1 1 10 Australian natives are 
roTiKirkahly skilful in throwing it They 
t an throw it in all sorts ot wa\'s s(» 
tliat it will tnalce various curv'es 
and turns in the tiir, travel three 
liuncire<l feet and return to 
where the thrower is standing*. 

1 his V unous beliaviour is due 
to the sha^xr of the boomerang 
It IS enrved so that one edge is 
convex and the other eoiicave. 
but the curve varies a great 
deal, the boonx rang b<‘ing some 
times only slightly curved, while 
other specitiieiis are sioklo 
'^hap<‘d. or have the two halves 
almost at right angles. 

But the curve is not the onl\ 

< urions thing about th<' boome- 
lang. It IS flat on one side and 
rounded on the other, and the 
weajKin hits also a slight twist or 
skew through its length, so that 
the two ends are not on exactly 
the same level or plane as the 
middle part 

All these peculiarities give the 
lx> iinerarig, when it is thrown 
in a certiin way, a kind of aero 
plane motion. It is held witii the 
convex edge forward ami the flat siile 
<lown, and is then thrown onward with 
a rapid fling. At once it rises in thi' 
air, whirling round and round and 
forming a curve, and after leaching a 
height of perhajis i so feet if begins to 


return towards the throwei and falls 
somewhere near him. 

Even if it hits a bird or the ground 
lightly it may return, but there are 
all sorts of fairv tales told about the 


IrJ 


Cardboard boomerangs cut to various shapes out of a post 
card and the method of propelling them 


lioomerang whuh are not true, boi 
exarnph;, it dot‘s not ndum fo the hand 
of the thrower, except p(‘rhapsocciision- 
ally^ by chance. Nor can a boomerang 
l>e thrown so as to strike an animal or 
a man hard and then return. Booin- 
('raugs us<‘d in war and hunting (OuM 


kill a, man oi animal, but they would 
then fall to the ground. 

Australian boomerangs are made ol 
hard wood and are from 24 to 30 inclie« 
long, but we can make small to^' 
boomerangs of cardl)oard, cut 
ting them from a post card to 
a.ny ot the shapes shown in 
the upper picture. When we 
have made the boomerangs wi* 
experiment with them in turn. 

Idace a boomerang on a book 
in the manner shown with the 
( onvex side facing the rlirection 
in which it is to travel, and oar 
arm projecting. Then with a 
pencil or ruler give a sharp blow. 
At onre the mi.ssile flies off and 
aftiT going across the room 
turns round and comes back to 
whrre we stand. 

The boomerang, being tlirown 
with tlu' flat side downward, 
would tend to Inflow irregulai 
mcnemeiits just as a piece ol 
paper flutters in the air when 
thrown. Hut the movement ol 
rotation given to the Ixx^mcrang 
by the thrower checks such 
irregularities at the beginning ol 
its flight and allows it to foflov\ 
the course (lesigued by its thrower 
When the impetus has U?SsSened the 
weapon begins to fall, but its .shape 
causes it to slide slantingly dowm the 
air towards the thrower. It is surprising 
that a W'eajKHi so .scientific should have 
been perfected by Australian native's. 



Two Australian natives holding theii boomerangs ready for throwing. The missiles are given a twirling motion as they are hurled 
forward and their curious shape, together with their rotation, causes them to travel along strange paths in the air » 
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THE GIANT SIRENS THAT WARN THE MARINERS 



Lighthouses are u&eles.s in thick toggy weather as thetr beams cannot penetrate the mist. In ordei that ships at sea may be warned 
of their danger powerful sirens or fog-horns are set working, and these gi\e out a loud sound that can be heard for a great distance 
By placing two sirens side by side at an angle of about X20 degrees, the sound can be distributed over a very wide area. The photo, 
graph shows the sirens at Soutar Point lighthouse oil the north-east coast of England near South Shields 



This fog-horn at Fort Doyle, on the north-east extremity of Guernsey in the Channel Islands, warns mariners in foggy weather of the 
dangers of that coast. Sirens are almost as valuable as warnings as the powerful beams of the lighthouses, and the range or area over 
which they can be heard is constantly being increased. Until the middle of the nineteenth century fog signals were practically 
unknown. Then guns and bells came into use. The present powerful sirens known as diaphones are an invention of the twentieth 
century. The sound is made by a piston working in a cylinder, both of which have slots, and the power is provided by compressed air 
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THE MOUNTAINS AND CRATERS OF THE MOON 



In this picture we see a representation of a group of mountains on the Moon as they would appear in the daytime. The sky would 
be dark, and the lights and shadows on the Moon’s surface would be very distinctive. Only where the Sun shone directly would there 
be light. There arc ten great mountain ranges on the Moon, the peaks being higher in proportion to the Moon’s sue than are the Earth’s 
mountains Some of these mountains rise 20,000 feet above the plains. On the same scale the Himalayas would be over fifteen miles high 
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Here is another type of scenery on the Moon’s surface. We see one of the huge craters with smaller craters round it. In sonw caws 
these craters are over a hundred miles across, and 19,000 feet deep. In the centre of most of them is a mountain, the peak of which 
rises to a height of 12,000 feet or more. The circular range of mountains surrounding a crater rises sometimes to 20,000 feet above 
the surrounding plain. We can see in the map on page r6 how huge these craters are compared with England 
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MEASURING THE MOUNTAINS OF THE MOON 

When an astronomer first declared that he had m^sured the heigfht of a mountain on the Moon he was 
regardc^ as a romancer, “ How/* it was asked. “ could anyone measure a mountain on a world so far 
away ? ’’ Well, on this page we learn how the great feat is done, and some of the astounding facts 
and figures that result from the measurements of the astronomers 


I I may seem a str£inj>c IhiiiK to say, 
hut it is neverthelt‘ss true that the 
mountains on the Moon’s surface 
can tx? measured with much greater 
accuracy than some of the: mountains 
on the Earth. 

Mow is it possible to measure thci 
heif'ht ot a mountain on a world that is 
nearly a quarter of a million miles 
away ? Wcrll, lot us see. 

SupfKxse we want to measure* the 
h(‘ight of a How' can we do 

it ? We can find its height by mt'asur- 
mg the length of the shadow' wiiich it 
casts uix)n the ground at ncxui. Of 
course, it is not true to say that the 
fu‘ight of the llagstafl is the* same as 
the* length of its shadow, although this 
is practically correct it w^e make* our 
lueasuremcmt in Ixmdon on April 0th 
or SeptenilxT ^Ih. On Iho.sc* day*' the* 
shadow cast «it noon corresponds in 
length w'ith the height of the object 
t hat causes the shadow*. At other times 
oi the year a certain calculation has to 
be* macie, which is a little too technical 
to go into hc^re. 

We can carry out a snnj>lf^r i*xperi- 
rnc'iit than that of measuring the 
rtag5d.aff, Snjiposc* wc* fix a .stiek 
upright in the ground so that (‘xarth* 
a yard of it remains aViove 
the surbice. Nenv, at a cc*r- 
tain time of the day llu* 
shadow thrown by the stic k 
vvheii the Sun shines upon 
it is twice as long as tlx* 
stick it.s<;lf 

Measuring the Shadows 

We gatluT fKJin this, 
therefore, that all shadows 
east at the s«ime time b\ 
upri.ght objects wnll be tw ice 
their height, Kuovving this 
we ran rnc‘asure the luMght 
of the church spin* ot of 
a tr<H' or of our house b\' | 

simply merisnring 1 he ! 

shadow and dividing by I 

two, ! 

Now, just as we can find, I 
W'ith |.>erfect accuracy, the 
height of an object like 
d flagstaff or a chnrcli 
from the shadow* wdiich it 
easts upon the ground, so 
astronomers are able to 
discover the height of the 
mountains on the Moon by 
measuring the length of 
their shadows as cast on 
the Moon*s surface. These Discovering 

shadows are seen very 


clearly in tclesco|x*s. Their length, of 
Lourse, inci eases the lower the Sun 
sinks towards the Moon’s horizon, and 
they get less the higher the Sun ri.ses 
aliove the horizon ot that particular 
lunar region. 

Now aslronomets (.an nu‘asure ex- 
actly the length of the shad('nv at any 
particular time, and 1 -n finding w*hnl 
proportion this is of the Mckui’s 
diameter they can find its firngth. 

The M<iOn’s diameter is 2,163 miles, 
so that il a shatknv is found to lx* 
i-54Gth of the diami‘t('r it i.s obviously 
four miles long. Knowing the tinu* ol 
day and the extent to which .shad<m's 
lengthr*n on the Moon at that time, all 
of which can be w'orked out bv mathe- 
matics, the astronomer is aliU* by 
Irigonometrv to calculate the h(‘iglit 
of the mountains that cast the .shadow, 
almost exa('tly. 

It is much more difficult to mea.sure 
with e(jual accuracy such mountains 
as Everest or other p(*ak.s in the 
Himalayas and the Amtes, 

Surpusing results biive comt* from 
the measuring of the Mobn’s mountains. 
There art.* ten moimfclli^ ranges on the 
Moon, and some of tbeltall and jagged 
p(‘aks are found tO Jx* mon* tlian 





the height of a flagmast by measuring the length of the 
shadow which it casts upon the ground 


.>0,000 feet above the plains on which 
they .stand. Proft*ssor h'orest Moulton 
has pointed out that if the mountains 
on the Karth were on the same scale 
they would be mon* than fifteen miles 
hiKh. 

Why IS it that tlust* lunar mountains 
are, in proj>orlion to the Moon’s size, 
so iuikIi liigher than the Earth’s 
mountains ? Well, it is no doubt partly 
due to th(‘ fact that gra\*itation at the 
Moon's surface i.s fai less than it i.s on 
the EartVr.s surface, which means that 
llx'n* is niA the same pull on loo.se 
iragruents, and it i.s partly due to 
iho la( k of erosion ow'ing to tht^ 
Moon hav ing no atmosphere or rain or 
iiv'ers. 

The lad that the Mchui htLs no 
atmos])her(j makes it easier to measure 
the shadows, for these shadows are 
imuii dean*!' and more cli.stinet thiin 
mountain shadows on the Earth. Not 
only can the heights of isolated |x^aks 
am! monntani ranges on the Moon’s 
surface be measured, but al.so the 
lu'ights ol the walls surrounding the 
lunar craters. 

Tht'Si* art* the most c<.>nspi('iioiis 
objit-ts on the Moon's surfactJ, ami 
more than 30,000 of tht'in have l)een 
mappt'd In many cases 
they are <iver a hundred 
miles across, and in some 
I a.-^es oiu* hundred and fifty 
miles, wiiik.' Iht- rampart 
round some towers up 
13,000 It-c-l above the 
surrounding puiin. In the 
centn* ol many of them is 
an isolatt'd peak which 
towers up mort'than 12,000 
feet above the flor>r of the 
crater, which may be iq,ooo 
feet deep. 


The Straight Range 

I'here is one elevation on 
the Moon's surface w'hich is 
unlike any of the others. 
It is known as the Straight 
Range, and ha.s the a, pear- 
ance of a sword w ith a hilt 
It seems to be due to a 
fault or cracking across the 
arena ol an old crater, one 
half of it having sunk (Jown 
so that there is a difleronc*,* 
of about 2,5cxi feet between 
the two levels. 

All these facts and figures 
are learned by means of the 
shadow's cast as the Sun 
shines iqKm the Moon. 
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A MASS OF WHITE-HOT IRON FROM THE SKY 



Meteorites, which are messengers from space that are attracted to the Earth and reach the ground before they are burnt up by friction 
with the atmosphere, are not all of the same composition. Some consist mainly of iron, some of iron and stone mixed, and some 
almost entirely of stone. In one class of meteorite the iron varies from 8o to 95 per cent, of the whole, and there is generally some 
nickel. But other metals are also found, such as aluminium, copper, tin, sodium and potassium. Occasionally there are traces of gold, 
silver and platinum, but it is curious that no meteorite ever examined has contained any element not already found on the Earth. 
Meteorites are not spherical in shape. They are always irregular, angular fragments, and are often pitted with marks like thumb-marks. 
These pittings are probably produced during the breaking up of the meteorite when it explodes owing to the heat and expansion caused 
by the condensation of air in front of it as it rushes towards the Earth. It is the explosion that causes the crash like thunder which 
is often heard when a meteorite falls. This photograph shows part of a large meteorite which exploded above the U.S-A. and showered 
white-hot fragments on five separate States. Some famous meteorites are described in page 523. 

THE POINT IN SPACE TO WHICH WE ARE MOVING 


I N the constellation ot the Lyre, which 
wc can find by roforring to the star 
charts on pages 4r 5 and 718, there 
IS a star named Vega wliich means the 
Falling Bird. It is a star ot the first 
magnitude, and is ol very great interest, 
toi it is near the point in the heavens 
Iowa? (is which the whole solar system 
IS moving. It ts distant from ns about 
163 million million miles, and it.s light 
takes 26 years to nsich the Kartii. 

It is the lirightcal star in the northern 
sky, and can be easily setm from all 
parts of the northern hemisphere as 
well as from a considerable part of the 
southern hcmisfihere. 

We may fin<l Vega in the following 
w'ay : two stars of the Plough act as 
|H)inters towauYs the Pole Star, and 
the next two are pointers towards V^ega 
Voga is about filty time*^ as bright as 
our Sun. 

The actual point in the heavens 
towards which our scalar system is 
travi'lling is not exactly the star 
Vega, but a little distance from it, as 
shr)wn in the star chart given here. 
The circle indicates the actual point 
towards which we are moving. 

We arc travelling towards this point 
at nearly 44.000 miles an hour, or 


ovei a million miles a day. When wt 
renHMn!>er that \vv. are also travelling 
at 66,000 miles an hour with our Katth 
in its orbit round the Sun, and that in 
Ihc hititiidc of London we aw' travelling 
700 miles an hour as the Earth turns 
round on its axis, it would be very 
diffituH indeed to show on a chart 


VCOA 
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The circle near the bright star Vega shows 
the point towards which the Solar System 
is travelling at over 1.000,000 miles a day 


exactly the line along whioJi we are 
travelling at any particular momeni 
Phe matter would be still tTU)re com 
plicated if we were also walking down 
the (orridor of a train travelling at 
'iixtv miles an hour. 

tint* well-kiiowm astronomer, Mr. 
George F. Morrell, said : ' Our actual 
ath in Space is a curve which com- 
ines all tlie directions in question. This 
may be readily urulerstood by con 
•nidering a man walking on the deck 
and around the funnel of a steamer 
which is travelling in a straight courst* 
of, say. 20 miles an hour. Although b<* 
appears to Xxi walking lound and round 
in a circle, and is doing so as far as the 
boat IS concerned, yet actually he is 
walking in a very wavy line that, could 
the man but Si*e it chalk-marked, as it 
were, on the sea, would give him the 
impression that he was a very bad 
sailor indeed. This is what each ci us 
IS doing all the time in Space. We are 
moving at a terrific rate, whirled from 
side to side, but ever onward.'* 

In about twelve tliousand years* time 
Vega will be the Pole Star, that is, it 
will have taken the position of the 
Star towards which the Earth's north 
pole points. 
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THE LIFELESS LANDSCAPE OF THE MOON 




A day on the moon lasts 354 hours— nearly fifteen earthly days. As the sun creeps slowly across the blue-black sky it picks out the 
peaks of dead mountain ranges and the rims of deep volcanic craters as with the cold intense white rajrs of a searchlight. The temperature 
gradually rises from well below freezing point to about iSo" Centigrade on the mopn’s equator at noon. Dense black shadows are cast 
in which are dimly seen rounded hills and vast chasms. An artist here depicts the grand but lifeless scene as it would appear to a visitor 
to the moon’s surface. Other representations of lunar scenery are shown in page 1006 
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Romance oF British History 



THE FOUNDING OF A MIGHTY EMPIRE 

The former British Empire in India, the most remarkable and powerful empire that had ever been founded 
by a European nation outside the confines of Europe itself, owed its inception to one man, and one man 
only. All Englishmen should honour that man, Robert Clive, the romantic story of whose wonderful and 
almost unprecedented empire-building in the Orient is told here 


W H tliink ot the story ot Napoleon 
I3onaparte as romantic and 
mfirvellous, but the story ol 
the Englishman, Robert Clive, is quite 
as romantic and marvellous, even if it 
is not more so. The two men while 
little more than boys had vast dreams 
of a great Oriental empire, and the only 
reason that Napoleon Bonaparte looms 
larger in history and in tlie popidar 
imagination is that the peculiar lime 
and circumstances in which 
he was placed, and the 
support he received, enabled 
him to go farther than 
Rolwrt Clive 

Clive's dreams were as 
great as those of Nii]>oleon 
His military genius was 
equally great, and in some 
ways his achievements were 
more remarkable, for while 
Napoleon had able and loyal 
lieutenants iirourul him, and 
ail enthusiastic nation at 
his back, Clive was sur 
rounded by enemies at 
home and abroafl, he was 
constantly held back by the 
jealousy of others, and was 
baulked in almost overN 
enterprise he undertook 


at home and the men who wore ui 
authority in India thought ot nothing 
but trading, the young clerk, sitting 
in his office, realised the jKXssibilities 
of a great Indian Empire, and wlieji 
given only half a chance began to turn 
his dream into a reality 
We owed India to Robert Clive, the 
greatest empire-builder that England 
has ever produced, and it is an astonish- 
ing thing that his countrymen have so 


Unpromising Circumstances 

What makes his case the 
more remarkable is that, 
unlike Napoleon, he had no 
military training. He was 
just a young clerk com- 
pelled to sit for many weary 
nours each day with a pen. 
working out dull and 
uninteresting figures, and 
with no knowledge of the 
sword or military strategy 
or tactics. His superiors 
were business men without 
a thought in their heads 
beyond buying and selling 
and making as much money 
out of trade as possible 
With an empire looming on 
the horizon all round, and 
with crowns and thrones 
hovering within reach, they, like 
Bunyan's Man with a Muckrake, “ did 
neither look up nor regard," but 
** could look no way but downwards," 
though " there stood also one over his 
head with a celestial crown in hivS hand, 
and proffered to give him that crown 
for his muckrake.** 

But though the men who directed 
the policy of the East India Company 



lint these achievements, wondcrlul 
though they were, were small compared 
with the marvels wrouglil by ('live in 
India 

As Lord i'vl.naiil.iy has pointed out, 
the victories of Cortes wore gained ovei 
savages who had no letters, who were 
ignorant o! tljc us(' ol met<ils, who had 
not broken in a single annual to labour, 
who wieldi'il rio better wiMpons than 
thos<* whicli could be. inadt*. out oi 
sticks, tlints and llshbones, 
who regarded a tiorse soldier 
.IS a monster, lialf man and 
hall beast, who took a 
har<pu‘bussier lor a sorcerer, 
able to scatter the thunder 
and lightning ol the skiers 

Formidable Foes 

Hut the pco]>Ic ot Indja 
whom Clive subdued mm 
ten times ;is numerous as 
the Americans whom the 
Spaniards vanquished, and 
were at the .same time quite 
.'IS highly civilised as the 
victorious Spaniards They 
had. says I-ord Macaulay. 
*' reared cities larger an<l 
tairer than Saragossa or 
Toledo, and buildings more 
beautiliil and costly than 
the Ciilhedral of Seville 
They could show bankers 
rieher than the richest firm 
of Itocelona or Cadi/., and 
viceroys whose splendour 
far surpassed that of Ferdi- 


rpa 

iiand tlui Catholic, myriads 
of cavalry and long trains 
ol artillery which w'ould 
have, astonished the Great 
Captain " 

Clive, indeed, did what 
no other man, save 
Napoleon, would have 
dreamed to be possible. 

As a boy young Robert 


boy 

was regarded as anything 
but a model by his friends 
and relatives Even at 
seven he had a strong will 
and fiery jiassions, and was 
so unruly as sometimes to make his 
j>eople wonder whether he was really 
quite sane. 

One day he climbed to the top of 
tlie lofty church steeple at Market 
I>rayton, where he lived, and seated 
himself on a stone. .sx>out in the form 
of a dragon’s head, which projected 
near the summit, while his friends and 
the townspeople down l>elow stood 


His friends and the townspeople stood breathless with terror 


little realised his magnificent achieve- 
ment, and have so rarely gloried in 
the astounding OTCploits which he 
performed. 

One hears much of the romantic 
wonder of Cortes, who conquered 
Mexico with a handful of Spanish 
soldiers, and of Pizarro, who similarly 
overcame the Inca,s of Peru and won 
fabulous quantities of gold as a result 
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breathless with terror, expecting cver> 
nionient that he would cr ish to tlie 
ground and bo killed After a time 
be climiHid down safely. 

It might almost be said that in his 
\outh he was the first of the gangsters, 
for he formed the idle lads of the town 
uito ii kind of army and levied tribute 
of apples and halfpi'nce on the shop* 
keepers, guaranteeing in return that 
tlujir shop windows sluaild not be 
tiroken McHlern Chicago might well 
have got its inspiration fromeight»M‘nth 
(ontury Market Drayton 


Ilnglishmeti were taken off under 
guard to Pon<licherrv, and led through 
the town Ixdore 50,000 natives. 

Cliv'e was indignant, and esca]:>ed 
from the town disguised as a Moham- 
medan. He took reiugc at Fort St. 
David, one of the smaller English 
settlements subordinate to Maxlras, 
tnd there begged for and obtained an 
<‘nsjgn’s commission in the service of 
tfie East India C-ompauy He was 
only twe»nty-oue when he began his 
brilliant military career. 


command, and the whole ol the Indian 
peninsula was seething with unrest 
and discontent. Hut that the young 
English clerk should have similar 
dreams would have appeared ludicrous 
to all. 

Duplcix made a brilliant stiirt. He 
re.scued ( huuda Sahi!>, Nawab ol the 
('aniatic, who had lx‘en capturc'd by 
the Marathas, and restonxl him to his 
throne. Then he hel|XHl to make 
Mirzapha Jung Subahdar or Viceroy 
of the I)eccaii. Naturally, theses 
Orientals were grateful, and 


Tliere seemed no hope 
that Robert Clive could ever 
•jiirn a decent living at home, 
so fu* was shipped otf to 
Madras a.s a clerk in the 
•*ervice of the East India 
(‘ompany He might make 
<i fortune, his friends said, 
but. on th(' other hand, he 
was muc h more likely to die 
of h'ver, and then lie would 
cause his family no more 
trouble 

A Tedious Journey 

The voyage from ICiiglaud 
1,0 India w«is .» long and 
tedious one in those days, 
but ('live’s journey was 
longer and more tedious 
than usual. He went via 
Ikazil, and his shi]> remained 
some m o n t h s in Soul li 
America, with the result 
that Robert spent all bis 
IxH'.kot money be to re tlu' 
loumey was halt over. One 
gi.iod resulted, howi^vei, for 
he picked up a little Portu- 
guese, which heljied him 
later on in India. He was 
c o r t a i n I y not g ly o d a t 
languages, and tvas never 
able to converse in aiiN 
Oriental tongue with the 
natives of Iniha, but he 
< ould make hiiuselt under 



showered such wealth and 
honours and power on 
Dut^leix that in less than 
twelve months he had be- 
come the real ruler of the 
vvlmle of Southern India, 
with 30 millions of subjects 
under his control. He was 
so carried away with his 
success that, like a F(.oman 
I'anperor, he ertx'ted a pillar 
to commemorate his vic- 
tories, and around it gtew 
up a city, which the lotiiich 
commander arrogantly 
Cdllt^d Duplcix Fatihabad oi 
th<* t. ity t)f the Viclonou'' 

Duplcix. 

S(H)n afterwards Mirzapha 

J ung died, and w'hile tin* 
•rencli supported anothei 
prince of the same family . 
the ICnglish iecognis(‘(l 
Mahomed Ali <i.h Nawab ol 
the ('arnatic. 

Gloomy English Prospects 

It is not surprising, liow* 
t‘ver, that the natives, who 
had seen a lMX*nch flag flying 
over I'ort St Cit'orgc*, and 
the English oflicials UmI in 
triumph throiigli the streets 
ot fVindicherry. should have 
looked with contiMUpt on 
Mahomed Ali's supporters. 
As a inattOT ot fact, his wholt* 


>t()od in Portuguese, a 
language that soim* Indians 
knew, Ixjcause the Portu- 


Lord Cli^e. From the painting by Dance 


realm consisttnl of Tnchi- 
iiopoly, and even that was 
liesiegod by Chuiula Sahib 


guese had long Ik'cii trading m their A lew mouths later puciee was and his French helpers. 

t'ountry. concluded lx‘twcen Great Britain and 'I'he Kn.glish cause was, indeed, in a 


In due course Eli\ a* arrived at Madras, 
but he had no frit uds and no monew 
His only solaci* was reading, and the 
Governor, who ])osse.ssed agixxl library, 
gave Clive permission to use it. 

Life was anything but a joy to him 
at this time. 

** 1 have not enjoyed,” he wrote, 
‘ one happy day since I let! my native 
country/' 'I wice he truvl to shoot 
himself, but on both (xxasions the pistol 
snapped, but failed to explode the 
powder. " Surely/' thought Clive, 
when he found the pistol was properly 
loaded, " 1 am rest^rved for something 
great/' 

About this time, war broke out m 
Europe between England and Frame 
and spread to the East, where the 


F^'raiice, I'ort St. George was returned 
to the English company, and the young 
ensign had to go back to his dreary 
work at the desk. 

But though the two pow<*rs were at 
pea<*<‘ in Europe, there was great rivalry 
in the ICast. The once mighty Empire 
of the Ocat Mogul was breaking up. 
'I'lie native viceroys were practically 
independent sovereigns. 'I here were 
many warring interests among the 
natives, and only two men saw that it 
would be possible to found a great 
JCuropc^an empire on the ruins of the 
Mogul monarchy. One of those was 
Duplcix, the F^'rcnch commander at 
Pondicherry, and the other was Rolxjrt 
Clive, the clerk at Fmrt St. George. 

That the ambition of Dupleix was 


pfxr way, but it was at this junctun* 
that Clive, now twenty-five years old. 
rose* magnificently and tununJ the tidi* 
of fortune. 

He had obtained a position a.s com 
missary to the few Ivnglish troops ol 
the East India Company, with the rank 
of captain, and he urged upon his 
superifirs that if the English were not 
to Ix" driven right out of India they 
must strike a blow and strike at once. 

With the force.s at their disposal it 
was impossible to raise the siege of 
Trichinopoly, but Clive suggested that 
a sudden attack should be made on 
Arcot, the capital of the Caniatic, 
which would probably have the effect 
of drawing otf the Nawab’s force from 
Trichinopoly. 


French were the more pow'erful. They 
captured Fort St. (ieorge, Madras, 
and some of the more prominent 


rea.sonable many might have agreed, 
for he had a cbnsid(»rable number of 
well-trained French soldiers under his 


So scared were the heads of the 
English settlement at Madras that they 
agreed to Clive's scheme, and he himself 
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was put at the head <>( 200 English 
soldiers and trained sepf»ys for the 
attack on Arcot. There were eight 
officers under Clive» and of these only 
two had ever bc‘en in fiction. Four 
were clerks who, inspired by Clive’s 
<*\amplo. had offered their sendees. 

The weather was not propitious, but 
despite thunder, lightning and rain 
Clive and his little army pushed on to 
the very gates of Arcot. The garri.son 

that city wcTe so astounded that Clive 
And his men .should have dared to 
march through the storm that they 
were .seizc'd with panic and evac'iiated 
the fort, which the English entered 
without striking a. blow 

Clive began t(.> throw up earthworks 
find collect provisions, realising that 
sooner or later the garrison would 
recover iuid return to drive him out 

This actually happened, and a lorce 
of 3,000 men camped close to the town 
At th(‘ dead of night Chvc left the fort 
and surprised the camp. Large mim- 
bors of the enemy W(‘re slain, luid the 
rest fled, while Clive and his army 
returned to the fort without tlie loss of 
a singk; man 

As s<ion as news 
of what had hap- 
pened at Arcot 
reai'luKl Chunda 
Sahib and his 
French friends at 
‘rnchinopoly, a 
force of 4,000 men 
was sent ()1T to 
recover Arcot 
T li e y wore 
strengthened on 
the way by several 
thousand native 
s o 1 d i e r s, and ii 
t o r c e of 150 
Frenchmen from 
P o n (1 i c h c r r y 
Altogether 10.000 
men arrived at 
Arcrd under the 
t o m m a n d of 
R a j a 1) S a h i b, 
tlu‘ son of Chunda 
Sahib. 

This force at 
once closed round 
the fort and things 
.seemed hopeless 
for the English 
The walls were 
half in rums, and 
there was no proper protection for guns 
or soldiers Clive's little garrison was 
reduced in numbers by l asualties, and 
its effective force consisted of only 120 
Europeans and 200 sepoys There 
were but four officers l<‘ft and provisions 
were almost exhausted. 

Yet, inspired by the young clerk of 
twenty- five, this small force held at bay 
the great army of be.siegers for fifty 
days When the garrison liecame 
hungry the seixiys, who had the most 
profound respect for Clive, came to him 
and proposed that all the rice should 
be given to the Europeans, who required 
more nourishment than the natives 


The water lu which llu' rice was boiled, 
they said, woulil do for tluuii It was 
an amazing example oJ devotion which 
has few parallels m history 

An attempt to relieve the garrison 
Irom Madras triileil, aiul (),ooti Marathas 
in the pay of Mahomed Ali, who might 
have been expected to help, lay idle, as 
they thought nothing could break the 
hVench power, and the English must 
lose. Tliey were detennined not to 
In; on tin losing side Hut tlie gallant 
defenee ol .\rcot made them change 
their minds as to who was likely to 
be the victor, and their commamlei 
decided to march to Arcot to help the 
beleaguered g;irrison 

No Quarter to be Given 

Rajah Sahib thcucilcjre devided that 
the fc^rt must be taken by stcjrm at once 
Hut before the' assault he otferecl large* 
bribes to ('live*, who indignantly ndused 
them Rajah Sahib theicupon declared 
that every man in the fort should be 
put to the sword Clive mocked him, 
and the Rajah, giving his Moslem 
followers stimulating drugs to increase' 


their religious zeal, rushed to the 
attack on a great Mohammedan festival. 

Clive was .snatching a few hours’ 
sleep when the attack began. He 
hurried to his post and found that the 
t'liemy was driving towards the gates 
a number of elephants, each with its 
head covered with iron plates. They 
were to form a line c^f living battering 
rams to force an entrance for the troops. 
The English fired their muskets, and the 
elephants, becoming terrified, turned 
round and rushed furiously back, 
trampling down the besieging army as 
they did so. Then a raft loaded with 
warriors was launched to cross a ciitch, 


and Clive himself took charge of a gun 
and cleared the raft 

Everywh(!re the young clerk inspired 
his men The froni ranks fired while 
the rear ranks loaded the muskets, and 
every sliot told For an hour the 
assault continued, and though several 
hundreds ol tlu‘ assailants had fallen. 
th(; garrison had lost only half a dozen 
men Then night came, and it W’as an 
anxious time At any moment the 
attack might be renewed, but at last 
when day broke it w'as .setui that the 
enemy had st ntUetl away, leaving 
behind a number of guns and a large 
quantity of ammunition 

Nat lira !1;V at h'ort St (rcnrge, when 
the ncwvs arrived, the English were wild 
with delight 'I’hey sent Clive reinforce 
inents of zno Ivnglish .soldiers «ind yoty 
sepoys, and with these Ik* captured a 
neiglibouring fort, and then linked uj> 
with th(‘ M.iratha army, now ready to 
help him 

He at once attacked Rajali Sahil>. 
who w^as still at the* head ol 5.000 men, 
including 30^) French, and gaiiu'ri 
another great victory The enemy’s 
military chest tell 
into ( live’s hands, 
boo sepoys who 
li.id been helping 
t h e i"' r e n ( h 
do. sorted and 
joined ('live, who 
took f hem into his 
service, and othei 
natives and their 
governors forsook 
Chunda Sahib's 
caii.se and recog 
nised .VIrihoin(‘<l 
All as Naw.ib. 

Rajah Sahil» 
gathered anothi'i 
army and attacked 
the suburbs ol 
Fort Si (a'orge 
but (.'live again 
defeated him, 
killed orcaptiin’<l 
itK) French, and 
then, marching to 
Fort St Davdd, 
stopped on the 
way to destroy the 
Pillar and City 
(if Victor V 
Dupleix. 

rhe spell of 
Frt'iieh jxiwer was 
broken. Tiie English authorities at 
Madras, grow ing bold under thi ir clerk’s 
msjjirtilion, now decided to send a 
strong force under Cliv<‘ to help the 
garrison of Tnchinopoly, but just w'hen 
the trcKips were about to start Majoi 
LawTeni'e, w’ho had boon on leave in 
England, returned and assumed the 
chief command Many a smaller man 
would have resented being supersedes! 
in this way, but Clive, who had expe 
rienced many kinflne.sses from Lawrence 
in early days, expressed his wilhngnes.s 
to serve under his old friend, and 
worked as hard as second-in-command 
as if he had been commander 



When Clive appeared the garrison of Arcot was seized with panic and evacuated the fort 


ion 
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Lawrence adnnn‘(i his young lieu* 
tenant and wrote : “ Some people are 
pleased to term Captain Clive fortunate 
and lucky, hut in my opinion, from the 
knowledge 1 have ol the gentleman, he 
deserved and might expect from liis 
conduct everything as it fell out ; a 
man of uiulaunted resolution, of a cool 
i emper and of a pres('nce of mind which 
never left him in the greatest danger, 
liorn a soldier : for without a military 
education ol any sort, or much converis- 
ing with any of the profession, from his 
jiidgmont and good sense, he led on 
an army like an experienced dfheer and 
a brave soldier, with a pnulence that 
certainly warranted success ” 

Dupleix, the French Governor of 
}^on<lichcrry, was not a soldier, and 
he had no ofiicer 
with him worthy 
to opp>se Clive. 

The besiegers ol 
Trichinopoly had 
to c a p i t u I a t e, 

Chunda Sahib was 
captured by the 
Marat has, and put 
to death, and 
steadily the |>ower 
of England lose 


friend Major Lawrence. It was a 
graceful gesture, especially in those days 
of smash and grab. 

More astonished at his exploits than 
the oflicials of the East India Company 
were his friends and family. Ills 
father could hardly believe that ** Bob 
the booby *’ could have been the hero 
of Arcot. but he now iicknowledged 
that he must have been mistaken in 
his estimate, and he became very 
proud of his son. 

Clive brought home with him con- 
siderable sums of prize money, and he 
was most generous in helping his 
friends and family, spending thousands 
in this way. 

About a year later Clive .sailed 
once more for India, liaving been 


victories in history, for the great 
Indian army was well eqmpi)ed. 
Suraja Dowlah himself fled, and 
was later on killed, while Meer Jaffir, 
who had held aloof in the fear that 
Clive might be defeated, was placed 
on the throne. The battle of Plassoy 
gave India to the English. 

All Clive's negotiations with subtle 
Oriental despots may not have l>een 
free from criticism, according to our 
modem standards, but there i.s no 
doubt that he was a great patriot, 
and though, like all Indian admini- 
strators of those days, he tKH:amc 
rich, he did not acquire a tithe of the 
wealth which he might have done. 

When, some years later, ho wa^ 
attacked in Enghind on account of the 
wealth he had 
brought from 
India, he made 
the classic remark : 
"By God. Mr. 
Chairman, at this 
moment 1 stand 
astonivShed at my 
own mcKleration ! 

The battle of 
PlfXssey s<>unded 
the knell of French 
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while that of 
France declined. 

Clive's health 
had never been 
very good, and it 
had now lx?come 
so bad that he 
decided he m u .s t 
take a rest in 
England. But 
before he went he 
captured two forts 
held by French 
garri.sons, with a 
force mjwle up of 
500 newly - l(*vied 
untrained se^Kiys 

and 2<K) recruihs Cli' 

who had only just 

arrived from England. It was a motley 
army with which to attempt anything, 
an absolutely undisciplined rabble, but 
Clive marched with them. 

Many stories are tohl which show 
their character. When a shot from a 
fort killed one ot the soldiers the rest 
turned round and ran away, and only 
with difficulty could Clive rally them. 
On another occasion the noise of a gun 
being fired so terrified the sentinels, 
that they ran away and one of them 
went and hid at the bottom of a well. 
Yet the wonderful young English clerk, 
with the instinct of a true general, 
gradually trained this force, and with it 
captureci the torts, and defeated a force 
.sent to their relief. 

On returning to Madras Clive married, 
and then with his bride sailed for 
England. On his arrival he was 
received with open arras by the heads 
of the East India Company, whom 
he had enriched so miraculously, and 
they presented him with a sword of 
honour set with diamonds. But Clive 
refused to receive this token unless 
a similar compliment were paid to his 



i himself took charge of a gun and cleared the 

appointed by the directors of the East 
India Company governor of Fort St. 
David. The King gave him a com- 
mission as lieutenant-colonel in the 
British Army. 

Once more he became a great victor. 
The Black Hole tragedy had occurred 
and Clive was sent to avenge it. He 
planned to replace Suraja Dowlah 
by a lieutenant of that tryant, i*. man 
named Meer Jaffir. and in the negotia- 
tions proved himself to be not only a 
brilliant soldier, but an equally clever 
diplomat. 

Plasssy, the Decisive Victory 

Suraja Dowlah gathered a great 
anny of 60,000 men to attack Clive, 
who had only 1,000 British troops and 
twice that number of natives, and a 
fierce battle took place at Plassey, 
and resulted in an almost instant 
victory for the English. Suraja 
Dowlah'a army was routed, its camp, 
guns, baggage, wagons and cattle 
were captured, and all Clive lost was 
22 soldiers killed and 50 wounded. 

It is one ol the most astounding 


hojH^s in I n d i a, 
and from the time 
of that vict(jry the 
English star nxse 
in the Indian sky. 
It was Clive and 
Clive alone who 
placed England as 
the supreme power 
in India. 

Yet his ungrate- 
ful employers, 
jealous of his fame, 
although Kmefil- 
ing by the W(.*alth 
he brought into 
. their coffers, made 

his life unhapj>y. 
Some of the 
directors of the East India Company 
became his enemies and although, 
when affairs hecanu* once more desper- 
ate in the East after his return to 
FCnglana, Clive was sent out to set 
them right, these men still worked 
against him and tried to deprive him 
of part of his wealth, till at last it 
is said he committed suicide, although 
as to the manner of hts death there 
s<‘cras to be some doubt. 

I..ct all Englishmen remember with 
gratitude and pride Robert Clive. It was 
his dazzling dream of a British Empire 
in India which first gave the vision of 
what Englishmen might make of the 
Great Mogul's realm : it was hi.s 
brilliant military genius and leader- 
ship that made the Empire possible ; 
and it was his able administration 
which abolished the old system of 
oppression, extortion and corruption 
and placed British rule on the high 
plane which it has ever since occupied. 

"Our island," says Lord Macaulay^ 
" so fertile in heroes and statesmen, has 
scarcely ever produced a man mote 
truly great in arms or in council." 


1012 



HOW PICTURES ARE REFLECTED 

How little wc think when we look into the mirror and see a representation of ourselves what a wonder this 
is. Here we read something about the mystery of reflection, and see a number of striking examples 


W nriN the weather is calm and 
the light good wo can sc(^ 
clear pictures in a lake oi 
puddle, and some striking cxampl<‘s 
of such reflections arc found in 
the photographs in these pages. 

Why is it that \vc‘ can seo 
a picture in the water ? Light 
when it strikes a ])olishcd sur- 
tace is reflectial, or bounced 
back as it were, in the same 
way as when we throw’ a rubber 
ball at a w’all it returns. If 
the ball strikes tlu* wall per- 
pendicularly it returns along 
tJie same line, but if it strike s 
the wall slantingly it goes off 
at the same angle in the 
opposite direction. 

Light behaves in the same 
way. As men ol science say, 

‘ the tingle of reHcction is 
equal to the angle ol inci- 
dence,” which simply means 
that wht'n the light strikes a 
mirror or other j)oli.shed surface 
tit a certain angle it is reflected 
at a similar angle 

We t.m understand the 
matter bv l<K)king at the dia- 
gram on this page. That 
diagram shows how liylit 


coming f-oni a point strike's the 
surface and is reflected The same 
thing is true of light striking the 
surface from an infinite number of 


oilier point.s Thus, if w(‘ sec a tree 
rcfleiTed in a ]>ond the light is pass- 
ing to the surface of the yxnid from 
myriads of points of the tree, the total 
making up a representation ot 
the tree which is reflected to 
our eye. 

The image of any point 
ajipears b(diind the mirror at 
a dislance equal to its actual 
distanci in front ot the 
mirror. The reason for this is 
also explained in the diagram 
In some restaurants and 
halls large mirrors are place<l 
on the w’alls facing one another 
rheoretically, the number ol 
reflections between the tw'o 
mirrors is infinite, iuid as wa* 
look into one of tliem w'c seem 
to see an endless suite of 
rooms. Actually, however, the 
number of visible reflections 
js only about twenty 'J'Ik: 
reason for this is that not all 
the light IS reflected A (('rtain 
amount is absorbed, and so by 
about the twentieth rt'flection 
there is not sufficient hgiit to 
com(‘ back to our eye and the 
]Tiiilti]flicati()n of pictures is no 
longei carried on. 



This picture explain.^ why we see in a mirror a repre.sentation ot 
what is before it. Light reaches flie mirror at B from the point 
A and is reflected at a similar aqgle in the opposite direction. 
That is, the angle A B D is equal to the angle D B C. But the 
eye is deceived and sees a reflect^ ray as though it were coming 
from the point F. It wilt be foumil that when a perpendicular line 
1 $ dropped from A cutting the titffilce of the mirror the reflected 
ray, if continued, always cuts flit perpendicular at the same dis- 
tance below or behind the min[|brlas the point of light is above 
the mirror. In other words A E Malways equal to £ F. That i<^ 
why the image of an object ali9|l^ appears behind a mirror at a 
distance equal to that of w Actual object in front of it 
M i 



A striking reflection of three riders seen on the beach at Blackpool The tide had only just gone out 
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MAN ADDS TO THE SOLAR SYSTEM 



With the object of {gathering information about 
conditions obtaining in outer space, the U.S. and 
Soviet governments carried out in 1957-58 a.pro> 
gramme of research with artificial satellites 
designed to encircle the earth at altitudes of 200 • 
400 miles. The Russians successfully launched the 
first satellite on October 4, 1957. It consisted of a 
metal ball containing a radio transmitter which 
emitted signals whereby its course round the earth 
could be plotted. Later satellites consisted of a 
hollow sphere of stainless steel coated with gold 
and 30 inches in diameter — only slightly larger 
than a football. The inside of the sphere was 
packed with a mass of instruments for recording 
temperature and pressure changes, cosmic and 
other radiation, electronic equipment for converting 
such information into electric impulses, and a radio 
transmitter for relaying the instrument readings to 
receiving stations on the earth. The photograph 
on the left shows one of the U.S. spheres with a 
transparent cover to jhow the recording equipment. 

The satellites were fired into space by means of a 
three-stage rocket, each stage falling when its fuel 
was consumed as shown below. The last stage of 
the rocket then fired the satellite at a speed of 
18,000 miles an hour into an orbit round the earth. 
Travelling at a speed of 18,000 miles an hour, the 
satellite created sufficient centrifugal force to 
balance the gravitational attraction of the earth. 
In time, however, the centrifugal force becomes 
weaker and gravity pulls the sphere back to earth ; 
but before the sphere reache.s the ground it is 
destroyed by the friction of the atmosphere. 
Throughout its course round the earth the satellite 
can be observed by telescopes ; which is rather like 
watching the cour.se of a golf ball in flight if it were 
travelling at the speed of sound 60,000 feet away. 
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Fir. 3. A British guided missile at thr 
moment of firing. It uses tour solid-fuei 
rockets for take-off, but at a certain alti* 
tude these burn out and fall away, after 
which the missile is propelled towards its 
target by means of a ram-jet motor. 4. The 
missile shortly after take-off and showing 
the auxiliary rockets mounted at the rear. 
5. The auxiliary rockets dropping off. 
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With the development of the high-altitude, jet-propelled 
bomber flying at or above the speed of sound, the anti- 
aircraft gun became obsolete, as the target moved too 
fast for the gunners to keep it in sight and too high for 
the shell to reach it. It was to overcome these difficul- 
ties that the guided missile was introduced. A guided 
missile consists of a rocket containing radio and radar 
equipment whereby it can be guided towards its target, 
and a device that automatically explodes its warhead 
when it comes within range of theibomber. Fig. i. 
Nike, a two-stage missile rocket tided by the U.S. Air 
Force. It is 26 feet long, weighs p tft., has a speed of 
1,330 m.p.h. and a range of 17 mills. Fig. 2. Nike 
after firing ; first stage rocket gbdiUt to fall away 
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High Explosive 
War Head 







Instruments for 
Homing on to Target 


/ ht\ {lra>i‘ini; \hoh‘\ the ni\uU of u i:ntJeii mis'iile rochet 
I hr motor at the rear Irunis liifnul fuel to form a hv^h- pressure 
jas II huh furies itself through a nozzle iit flu rear so pushing the 
nuket foruaril at tremendous speed. J he rocket's target is 
puked up hy radar arui. together ictth the rocket, is irtui on a 
rndat snecn Railtu sigtuils ate fhrn Iranstnitted from the 
to a rtieiver on the roikel ami elechonually converted 
into mechanical iiu'f.i'v whveh operates the rocket's control 
surfaces Hy wa/i^htnn the mnventent of the target on tht 

radar the ground operator th, n guides the rnisstlt 

toivarUs the attacking bomber. 1 jet-engined bombi*r emits a 
lot of heat from its engitu' vent and at a lertain distanee this 
heat IS picked up by a receiving device in the nose of the rocket 
Iw elee.tromc instrument then converts tfu' heat info -nu'thanical 
energy and moves the rocket's controls so that the mtsstle rs 
lilerallv pulled tenvards the target, and in due course strikes it 
to explode the warkeoii. honu' guuted missiles a radw- 
proximity fuse of the type destnbed on page 205. 



EXPERIMENTS WITH POROUS SUBSTANCES 


A ll, the substances we know are 
porous, that is, they tmvc pores 
or spaces betwoerj the mole* 

( (lies or particles of which they are 
built up Of course, the pores are not 
the same size in all substances, but 
althouf^h in a piece of marble the 
molecules are packed much closer 
together than m a piece of chalk, yet it 



A match and coin experiment 


such as water, the liquid rises in the 
pores of the substance, and this is 
called capillarity or capillar^' attraction 
'Phe word comes from the Latin word 
capxUa meaning a hair, and it was 
given because water rises in a very 
small tube something like a hair in 
diameter Some experiments illus- 
trating capillarity and porosity are 
given on page 780 and here arc 
somt* more 

In the first exjxjriment we take a 
wooden match and bend it at an angle 
without quite breaking it. We place it 
on the neck of a bottle as shown, and 
lay on it a sixpinmy-piece. The neck 
of the bottU* should be big enough for 
tile sixpence to juiss through it easily. 
Everything being arranged, wo tell 
our friends that we will m<ike the coin 
drop into the bottle without touching 
or shaking it or the mabh or the 

This is done by letting tall on the 
angle where the match is bent a drop 
of water from our finger. The porous 
wood soaks up the water and in 
doing so swells and the two halves ol 
the match slowly opim, allowing the 
coin to fall 


pores of the card and condense into 
water above. 

Another experiment illustrating 
ixirosity IS the preparation of a home- 
made filter We take a large flower- 
pot and stop up the hole with a clean 
piece of sjxnige. Then we put in a 
layer of coar.se sand or broken up 
flower-pot material Next we place a 



Proving that cardboard is porous 


is iieverthelc.ss true that 
the marble is porous in the 
same way as the chalk is, 

We call some substanct's, 
such as clay and india- 
rubber, i m p (j r v 1 o u s or 
non*porou.s, but this docs 
not mean that they have 
no pores : it simplv means 
that the yxires are so small 
and the molecules so close 
together that they will 
not allow water to pass 
through them 

A flower-pot made ol 
baked day is porous 
enough for water to pass 
througli slowly, but if it is The home-made fire-lightet made from pumice-stone that has been 
glazed on the outside, that soaked in paraffin 



layer of finer smid and 
then a layer of silver sand 
On top we place a small 
piece of slate for the water 
to fall on, so as not tc» 
wash away the sand. 'I'he 
water will bo filtered in 
f>ercolating through the 
layers 

A final experiment is 
very simple and very inter- 
esting. We drop a piece 
of chalk, such as is used 
for writing on the black- 
board, into a glass of 
water. At once bubbles 
of air are seen rising to 
the surface of the water 
What is the explanation ? 



Taking grease out ol cloth by capillarity 


is it it is covered with a thin coating of 
g1a.ss, it is impervious to water. 

We have already seen that when a 
porous substance is placed in a liquid 


il we get grease on our coat, we can 
get it out by a .simple scientific expen 
nu'nt We place the coat on a table, 
lay over it a piece of absorbent browm 
paper — -not the shiny sort — and then 
press it with a hot iron. The heat 
melts the grease on the coat and the 
ponms ])a]H'r .soaks it up out of the 
coat by’^ capillary attraction 

Housewives and maidservants often 
perform a scientific experiment in order 
to make a fire light easily They jilace 
a piece of purnice-.stonc. which is the 
hardened froth of lava and is ver\^ 
poioiis, ill paraffin. It .soaks up the 
oil and its pores become filled with the 
paraflin Then it is placed in the grate 
with the paper and wood and lighted 
the paraffin tmruing. The pumice-stone 
is used again, 

Wc can easily prove that cardboard 
is porous by placing over a tumbler 
of hot water a card, and then in- 
verting another tumbler on top of 
this, Steam will pass through the 
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A filter made from a flower-pot and $and 


The bubbles consist of air that was 
in the pores of the chalk and is driven 
out by the water, The chalk is now 
heavier owing to the absorbed water. 




uses the finger controls to go through the 
motions of pouring a liquid from one con- 
tainer into another. 2. On the * ' danger ' ‘ 
side of the wall the robot hands obediently 
obey their master. 3. A technician watches 
the mechanised hands strike a match under 
his direction, as shown in 5. 4. An operator 
moves radio-active material separated from 
him by a lead wall ten inches thick. 6. How 
to shave by remote control. 7. The ' ‘ barber ’ ’ 
gets a view of his customer on a T.V. screen 



HOW ELECTRICITY IS USED TO WELD METALS 



Welding IS now done by means of electricity, and here we see a method of electric welding m which tlie current is applied to the 
two pieces of metal that are to be joined. The heat produced by the current melts the two faces and unites them as one piece 



In this picture we see electric welders at work on a boiler at the bondon underground railway power station at Neasden, where, in order 
to speed up, many of the old boilers were taken out and replaced by modern plant, in which the steam pressure is 900 pounds to the 
square inch. Electric welding saves a great deal of time and labour in the joining up of connections, and so on. 
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“SEWING” METALS WITH ELECTRICITY 

For centuries, blacksmiths have welded wrought iron by heating the pieces almost to melting-point and 
hammering them together on an anvil until they become as a single piece. This very ancient method 
could be used only on comparatively small pieces easily heated in the smith’s torge. Nowadays, metal 
parts weighing many tons can be joined together in a fraction of the time by using an electric spark. 


M etals can be electrically welded 
either by generating an arc of 
high temperature or by taking 
advantage of the phenomenon that 
metals' nisistance to an electric current 
creates enough heat to melt the metal 
so that two pitKves of mclal will wtdd 
together by fusing. 

In arc welding, the heat i.s provided 
by striking an electric arc betwccMi the 
wf)rk and a metal rod or “ electrode ” 
held in an insulated handle by the 
op(trator. As it melts, the rod supplies 
extra metal to the weld, which is de- 
posited in the fxx)! of molten “ parent 
metal and built uj) as re(juired. 

lillectrodes are cU'cordmg to the type 
of work for which they are required. 
,\n electrode which would be quite 
suitable for ordinary “ mild " steel 
plate would not do for stainless or other 
alloy stCH'ls or for cast iron. IClcctrodes 
are tjoated with various chtmiicals 
whic.h fuse into a molten " slag " that 
float. s cm top of th<j weld and heljis to 
keej) the* metal free of contamination by 
air nr by gases from the arc. 

Automatic arc welding uses a long 
reel of coat(?d elwtrodc which is fed into 


the arc automatically. The (Mitire 
apparatus is mounted on a tnovalde 
carriage w’hich travels along, welding a 
long .seam iis it movti.s. This is often 
used in shipbuilding. 

In carbon arc welding, the arc pro- 
vides only heat for intuiting, the ad- 
ditional metal corning fnmi a sejiaiate 
filler rod. In “ atomic hydrogen weld- 
ing." the arc, instead of being stnu k 
between an electnrde and tlu' work 
be jointed, is struck between two 
tungsten electrodes. One is hollow, 
and through it is blown a jet of hydro 
gen. I'his also is used with a separate 
filler rod. 

With resistance welding, no addi- 
tional metal is .siip]>lied. Joints are 
made by heating the niotal to ifs 
softening point by passing a heavy 
electric curnuit through it, so that it 
heats up by its own resist aiue, and 
then s<piee/ing the joint togetluM. 
'I1i<‘ best known method of resistance 
welding is spot welding. Iarg<lv used 
for joining thin shOet metal togrdher. 
The two sheets are Uitid in position 
between the two electrodes of a 
madime and, by a Jijpdal (or liv com 

^ 


jrressed air cylinder in large- machines) 
the* electrodes are pressetl U)gether A 
heav\' current pas.sed betw(*(‘n them 
mak<!s a hot s[>ot rigid through tin- 
TiK’tal which, under ])ressure, unities mt( * 
d solid core ninmng rigid Ihnmgh botli 
pieces almost hl<e a rivet. \ variation 
on this riK-thod is " stdi h welding." 
wh(Ti; bv a hn(‘ of s}>ols very close to- 
gether two puses of tnelal art-, as d 
were', stitched togellu-r. 

By the use ot wheel electrodes m 
])ia( e ol ponded ones. " stsim " w'elding 
can be earried out, the nu-tal Ix'iiig 
slowly ])assed betwxvn the w'heels, and 
a solid si'ain torined. The eurn-iit is 
not left oil continuously, but is auto 
inaticalJy switched on and ott again at a 
v'ery rapid rate. 

" I‘da.sh*butt ’■ \v(‘ldmg is used ha 
joining .st('el })jj)es and railway track 
The two piei'es to be joined an- held in 
the jaws of a niaehme, and pressed 
tightly together whih; a liea\v current 
passes througJi them. Siiue the maxi- 
mum resistance is at the joint dst*lf, it 
ra])idly heats up, and tlu* metal is 
softened sulfinently for a perfe(‘t weld 
to oi eur 





This picture-diagram explains how electric welding by the arc process is carried out. A wire carries the current from a generator 
through a resistance box, where it is regulated, and conducts it through one handle of the pincers to the electrode or metal used to 
form the weld or joint. The other wire from the generator conveys the currentito the article that is to be welded. When t^ operator 
brings the electrode to the article an electric arc is formed which melts the metals, and the crack or joint is filled up. The various 
surfaces become one piece of metal. The temperature reached during the process is very high. 
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Here 15 a nmchitie that develops thousands of photographic Aims a day. The 61ms are unrolled and each is hsted in the lower part ol a double 
dip. In the upper part of the clip the customer's order form lor that particular 61m is 69ced. The 61m and Its order form thus remain togethet. 
The operator slides the clip holding the 61m on to a rod, and when a number ol 61ms are on this rod he places it on a chain, which is moving 
slowly in a horizontal direction. The rod travels along until it meets a chain moving up vertically. On this chain are hooks which, comity 
under the rod, lift it and carry it up and over two wheels and then down the other dde and into a developing bath. As it comes down me rod ss 
once again transferred to the slow*movtng horizontal chain, which carries it along through the developer. On reaching the end of the bath it la 
once more caught and lifted up and over by a second vertically moving chain. In this way it pastes in turn through a washing bath, a 6x!ng 
bath and a rinser. Then the rod is caught and lifted and comes down into a drying chamber. Here it is transferred once more to a slow* 
moving vertical chain and carried the len^h of the drier, which is full of warm air, circulated by fans in the roof and floor. The rod ol flhnt, 
on reaching the far end of the drier, is again taken up by a vertical chain and coming down once more slides down a chute and is Ufted away by 
a girl. All through the machine it has been in the dark, but it is now in the daylight. The girl passes the Aims through a little opening in the 





wmll, wh«r« they are received lor printing. The printer passes each film in turn through the printing frame on the table, where each subject is 
exposed on a piece of bromide paper^ a light being switched on for the purpose. When each piece has been exposed, the bromide paper is placed 
in a pigeon»bole on a slowly revolving circular table, which carries tt round and drops it through a slide. It then falls down a chute into a 
division of the developing dish, which is also slowly revolving. By the time the dish comes round to a girl sitting before it, the print is developed 
and she takes it out and places it in a metal bowl, which she revolves. The bowl of prints is now ready for the washing department. There 
the prints are placed in one of two containers arranged together like a pair of scales, water from the tap is plying into one scale, and when 
this has a certain quantity of water in it it goes down and, in doing so, rotates a lever connected with the tap. The lever ,directs the tap round 
towards the other xkiwI, and meanwhile the bowl which was forced down is emptying itsdlf of water, and as soon as its companion bowl is full, 
that sinks and the emp^ one rises to its previous position. A girl now takes the washed prints and places them on one of four travelling bands 
which carry them round a roller. This roller presses out the surplus water and passes them on to the chrotnium»plated face of a large drum, 
which is lifted by electric radiators inside. By the time the drum has carried the prints up they are quite dry and fall off into a collecting bin. 




RAILWAY 

T he safety ol a railway depeucls 
upon Its signals, and one of the 
m<ist responsible jobs on the 
line is that of signalman We all ought 
fo laise our hats to the signalmen who 
make it possible for us to travel to and 
fro ever>' day between our homos and 
our schexd or work in perfect safety 
In the very early days ol railways the 
signalling was done by hand and a 
tlag w*is wavetl by day and a lamp by 
night Of course, in thosi’ times there 
were not many trams, but as soon as 
rh(" railways began to develop it was 
hdt that something more satisfactory 
was needed 

So<^n posts were provided on which 
the pointsmen could place lamps at 
night and a disr was added which could 


SIGNALS OLD 

It was arranged that when the arm 
was in a vertical position it meant 
“ safe,” when horizontal ” danger,** and 
when aslant ” caution ” At first there 
was a man at each signal post or each 
pair to work the arms, and it is said 
that tile idea of working them from a 
distance original (-*d with a lazy or 
overworked Irish porter employed on 
the Lomlon and North Western Rail- 
way wlio, having two signal posts 
close together to work, tried to think 
out some idea which would save him 
the trouble of walking to and fro be- 
tween the two posts 

lie placed a counterweight on the 
handle of one signal and fixed a clothes- 
line to it so that he could work it from 
th(? other post An ins])ector dett*cted 


AND NEW 

to an angle it means ” go ahead " Fur 
night use a frame known avS the 
” spectacles ” is used This contains 
red glass to cover the light meaning 
“ slop ” or ” danger,” and a green glass 
for ” caution ” or ” go on.” 

It was a wise precaution in England 
to use green for .safety. In the United 
States, where white was used for the 
same purpose, many accidents were due 
to the engine driver mistaking some 
other light for a signal light 

III Great Jhitain the semaphon* arm 
appears to approacfiing trains on the 
left-hand side of the post, and the same 
post is used for up and down trains. 

In reeent years there have been great 
dcvtilojunents m the system of signal 
ling, especially on electrified lines 



Inside the wonderful new signal-box at King’s Cross Station, London, where there are 232 levers and an illuminated chart on which 
the movements of each engine and train are indicated. In this box z 8,000 lever movements are made every day 


be worked from below by a lever, 
covering the light with a red or white 
glass, as required. Tfiis disc was used 
iis the signal m the daytime. When 
it was turned to face an approaching 
train it meant slop, but if the disc was 
turned edgewise it meant go on. The* 
signalmen in those days wore swallow- 
tailed coats and top hats. 

In 1842, that is seventeen years after 
the o|)ening of the first railway, the 
authorities adopted the semaphore 
system still in use. Semaphores had 
Ixjen used for sending messages across 
country in the days l>efore the inven- 
tion 01 the electric telegraph, and it 
was from these that the railway people 
got the idea. 


the ilev'ice, and saw in it great jx>.ssi- 
bilitic.s. He improved on the idea, 
and soon the signal system, worked 
from boxes, as we have it to-day. was 
introduced all over England. 

Then came the interlocking idtja, 
by which when at a junction the lever 
working a main line signal was lowered, 
it was impossible to work the lever of a 
branch line, and thus render a collision 
possible. Soon afterwards a way was 
found of connecting the points with 
the signals, so that it was impossible 
for a train to enter a branch line while 
the signal was against it. 

In our present semaphore signals 
the horizontal position of the arm means 
” stop,*' and When the arm is dropped 


At King's Ooss Station in London, 
there is a box controlled by an official 
known as a regulator. This has been 
necessitated by the development of 
electric colour light signalling. Every 
twenty-four hours 800 trains and en- 
gines move out ol the station, and to 
enable them to do so with safety more 
than 1 8,000 lever movements have to 
be made in llic signal-box. 

There are 232 miniature levers, 
working 142 signal lights, and the 
regulator, three signalmen and a tele- 
graph lad work with an illuminated 
chart before them on which the move* 
merits of each engine and train are 
in licated automatically as they occur. 
It is a wonderful safety-device. 


WATER POWER AND ELECTRIC POWER COMPARED 



In these pictures we see an interesting comparison or^ther supply o^ water at a height, and in 

and the bottom one electric power. In “** ““ aj^rfown a pipe being released by the turning oi a tap. and the elechic 

the second case a batteiy or f'enerator. j , gwiteh The pressure of the water in the pipe corresponds with 

current fltows along a wire, being released number'of watts. The friction of the water against the 

the voltage of the electric current and the qi»n^ of watei^^* tte w second of the 

the pipe^rrespimds^th the ohms or reast«.« of the c^ont ""‘g; if the head of water to the water-wheel 

wrater corresponds with the number of amperes. J'*®* «irrent to the motor and turns it. The water finally runs away to earth 





THE GENTLE RIPPLES BREAKING ON THE BEACH 



When we are at the seaside on a sunny day and see the gentle waves or ripples breaking softly and almost gently »« %,* ”** ^ 
^ in M SMTbotough w hardly think of the sea as a destructive force. Yet even m tUs gei^ 

^ SlSv at work asw tte cc^ movement to and fro of the water against rock and diff wears av^ tte 

£^«d «« fhfsJSdl sJSSTg^^^ like that shown in the picture «t as a sanl-blast ^ grind »way rdentl^. 

When however, the beach is made up of coarser fragments, then the wear and tear »s much more marl^. . 

StSlS Again and again against the shore, act as so many miniatj^ battering rams and Mon^ or later canipart 

Then when the cliff or rocky shore is once broken the rent is made wider and wider by the incessant battenng 
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THE WAVES THAT BREAK ON THE SHORE 


The breaking of the waves on the sea-shore is an interesting phenomenon. The Uct that thousands of 
people every summer sit or stand watching the tide come in shows that the action of the water is Interesting. 
But the interest is greatly enhanced if we look at the waves intelligently, and understand the reason for their 
action, comparing their behaviour on one day with that on another, and at one place with that at another 


A nyone who lias spent a holiday 
at the s(\'isi(le soon comes to 
" realise that the way in which 
the waves break upon the seashore 
varies a great deal at different times 
and at different places. 

On a smooth, sandy beach with a 
gentle slope in calm weather i\ut waves 
can hardly be said to break at all, 
and there is littl(‘ of the foam that we 
associate' witli th<‘ breaking of the 
weaves. On the other hand, it a fierce* 
storm is ragttjg the wave's, which are 
eliie to the' wind, are* laigi' and angry, 
and their crests are lashesl into ioani 
as they hurl themsehe's upon the 
l)e*ach. 

Wlien' the slum* is rocky and 
there is any wand at all. the bre'aking 
of the' wave's is always acceinijiauie'd 
wdth a goeid de'al of roar and dis- 
turbane:c. 

It is ipute inte*resting at the seaside 
to watch till* varying bediaviour of the; 
wa\*es at diffenmt ])arts of the coast, 


and in different weather condiliems. 
Along the exposed coa.st line of the 
English ChaniK'I. for instance, the* 
effe;ct of the W'aves varies a great deal. 
When the* w’ind is blowing otishore, 
the shingle or other material on the* 
beach is heaped up, but when there is 
a wind bleiwing on to the shore it is 
swept deiwn again. 

Exactly wliy it is that the* oil* 
short' wind piles up the shingle oi 
pc'bblcs on the beacli is not ([uite eU'ar, 
init it is believe'el \o be elue* te) the* 
fac t that the^ wand breaks the onrush e>l 
the wave crest, and this causes t lie- 
base ed the wave tei pusli the bt'ath 
materials up. As there is no s(“ouring 
action by the cr(.\st of the wave {<> draw 
them baek, the materials are able* to 
aecnmulate. 

The shape ol the .shore has a great 
deal to del with the form and action 
e)f the waves that break upon it, and 
if tVic shore is neglected it.s shapes 
.soon change's. The .gradient grows 


stee‘]>er, or the ( oa^tdine is eroded. 
Wlu'U a wave apjiroaches the beach, 
it elrive*s a ma.ss ed shingle* up the slojH?, 
and 1 Ill'll wlieii the force ot the wave 
IS exhausted tlie water re‘t oils or flows 
l)<ick at nglit angle's to the coa.st- 
line. Allhemgli much of the* material 
I>nsheel up by the* wave* is dragge'd 
liacU again in the.* recoil, a certain 
(|uanlitv is thiowii up ]>e‘riuaiientl\ 
and ehx's not fall b u k 

In ])lanning a seaside town it is 
always better to leave* ti wade licit ol 
lawns and gaideus be'tw'een the* sea 
beach ami the foremost lieuises than 
to build a high se*a-wall aiul have* the* 
houses wry near the high waU*r line* 
Sea-walls, although nee t*ssary to pr*)^ 

te.'ct existing teiwiis. gene*rallv jirodiue* 
a, dangi rou.s se our ot the* wave*s, ami. 
to avoid this, grovm’s have to be 
built out, at great expense, tii-renmter' 
aei the; action ot the wavers. Sami or 
shingle coll(*e ts round the groynes and 
helps te) strengthen them 
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WEATHER CLERKS NOW HAVE HIGH AIMS 


W K live at the l>ottun of an ocean ot 
air many hundreds of miles 
deep, and we must know what is 
going on in the air high alxive us l>cfore 
we can forecast the probable changes 
in the air at the earth's surface. Changes 
in weather are merely changes in air 


higli and nine loot in diameter, and 
ruses at the rate of i,ooo feet a minute 
to a height of to or 12 miles. 

Below the balloon is a frame aerial 
to which is attached a metal container 
holding a thermometer, barometer, and 
hygrometer, also a small radio trans- 
milter. The con^ 



taineris 12 inches 
long and with its 
instruments 
weighs only three 
pounds. The 
thermometer re 
cords temper 
at lire, the bar 
ometer registers 
pressure and also 
the height of tin* 
balloon, and tlie 
hygi'ometer rec- 
01 ds the humidity 
of the air. 

As the l>allo()n 
ri.ses, the changing 
conditions of the 
atmosphere cause 
the pointers on 
the instruments 


to move, and this movement turns 
cylinders in the tuned circuit of the 
radio transmitter. In this way the 
pitch of the notes broadcast by the 
transmitter changes in response to the 
changes in the air through which the 
balloon is passing. 

Sound tables have been compiled of 
the different pitches from the balloon's 
transmitter according to the Changes in 
tenijierature, pressure, and humidity. 
The balloon's transmitter sends out 
.signals for a few seconds every minute 
and by listening in to these the meteom* 
logist on the ground can measure the 
pitch of the notes, and with his sound 
( hart convert them into temperature, 
pressure, and humidity readings. At 
the same time, radar plots the balloon's 
course to provide information alx>ut 
wind direction and sjwd. 

While the balloon is rising, the gas 
in its envelojK* is tJxpanding and 
eventually bursts the envelope, usually 
about 12 mile.s al>ove the ground. The 
metal container with the transmitter 
and instalments then floats to earth by 
parachute, and in most instances lands 
willjotil damaging them. Pasted to t br- 


and the causes of these changes 
occur in the upj^ier layers of 
the atmosphere. 

Informfition needed b\ 
meleoroJogists are the lein 
perature, pressure, and hum- 
idity (humidity is the amount 
of moisture in the air) of the 
air at great heights, and also 
the speed and direction cd 
the upper wind currents. 

In fine weather the direction 
ot upper winds and the 
strength at which they are 
blowing can lie measured b\’ 
small unmanned balloons. 

By adjusting the amount 
of gas in the balloon, the 
ball<x>n can Ihj set to ri.se at 
a fixed .speed, generally 5CK) 



containerisa label offering a re 
ward to anyone finding the in 
stniments and returning them 
to the Met(K)n)l<)gical Office. 

In Great Britain tliere are 
c) radio-sondo stations placixl 
about 200 miles from each 
other. Balloons are tcleased 
four times every 24 hours, 
and the information receivocl 
from them is sent by tele- 
printer to the meteorological 
headquarters at Dunstable, 
w'here the weather forecasts 
you hear on your radio 
piTigrammes are compiled. 

Badio-sonde is used by the 
weather ships stationed in the 
Atlantic, and the information 
collected helps in compiling 


feel a minute for meteoro 


international meteorological 


logical w-ork. 


forecasts. 


Attached to the balloon is a piece of 


thin metal. Radar impulses from the 
ground arc reflected back from the 
balloon and picked up on the ground 
observer’s radar screen. In this way 
the meteon)logist can “ .see " the 
moving balloon even through cloud 
and continuously follow it.s progress up 
to great heights. 

Balloons of this type indicate only 
the direction and strength of the wind. 
Details of Lernperature, pressure and 
humidity are obtained from a balloon 
called a radio-sonde, which broadcasts 
to the metcon>logist readings from the 
nrstruments it carries. The radio* 
sonde was invented by Jules Idrac, a 
French meteorologist, in iy37. 

The gas-bag of the radio-sonde is 
inflated with hydrogen and is eight feet 
in diameter, it is launched from the 
ground through an upright tube, 15 feet 


These photographs 
show how radio- 
sonde is used for 
forecasting the 
weather. In Fig, i, 
technicians are ad- 
justing the instru- 
ments and radio 
transmitter which 
the balloon will 
carry to a height of 
several miles. Fig. 
2 shows the balloon 
with frame aerial. 
In Fig. 3 a meteor- 
ologist is watching 
on a radar screen the 
journey of a balloon 
ten milesabove him. 
He is also reading 
the pitch of the notes 
from the balloon’s 
transmitter 
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SCIENCE CAN FARM WITHOUT FIELDS 


H ydroponics, which comes from a 
Greek word hudros, meaning 
^ water, suggests something very 
di^icult and learned ; but it is only the 
impressive name given by scientists to 
the process whereby many boys and 
girls have grown watercress on a piece 
of damp cottonwool. Now chemists 
have found that a lot of plants besides 
watercress can be raised without plant- 
ing seeds in the ground. 

To achieve healthy growth a plant 
needs air, water and light, and it must 
be supplied with certain chemicals in 
the form of fertilisers. It was for long 
thought that fertilisers were less im- 
jxirtant than soil to plant growth ; that 
without soil the most efficient chemical 
fertiliser would fail to raise so much as a 
single shoot. 

It is now known that the actual soil 
has little to do with plant growth. 
H the seeds or 
plants are supplied 
with a liquid con- 
taining certain 
chemicals, it is 
possible to raise 
iiealthy crop.s with- 
out any soil at all. 

Provided they 
are placed in a 
solution containing 
the chemical 
I ngred ients which 
niakt* up a richly 
fertilised soil and 
are kept under the 
right conditions of 
light and tempera- 
lure, seeds get all 
the food sulxstances 
they require t<j 
build their tissues 
and reach healthy 
maturity witlumt 
any soil, 

Variou.s methods 
arc used for raising 
plants without soil. 

One of the simplest is to fill a shallov^ 
container to the brim with the nutrient 
fluid ^nd then cover with cheese cloth 
that has Ixjen saturated in molten 
l)eeswax. The seeds to lx? sprouted are 
then spread over the doth and covered 
with felt pads which arc kept danip. 

When they develop a root, the seed- 
lings are taken from the cloth and 
placed in mesh trays laid over con- 
tainers filled with the solution. The 
plants then continue growing until 
they are ready for harvesting. This 
process is suitable only for the ex|:)eri- 
mental raising of hydroponically cul- 
tured plants, and for fanning without 
fields on a commercial scale a system 
called cabinet culture is used. 

Culture cabinets are of galvanised 
iron and are made in units. Each unit 
is eight feet square and six feet high. 
The interior of the cabinet is fitted with 
racks to hold 64 galvanised iron trays in 


four tiers, while below the tiers is space 
for a further 16 trays resting on the 
Ixittom of the cabinet in tiers of four. 
The cabinet is kept at a constant 
temperature of 80'’ F. by mean.s of an 
electric or other heater. 

Each tray is stamped with alternate 
rows of perforations and wells, Th(* 
wells, which are the .size and shape ot 
thimbles, hold the germinating seeds. 
Alxwe each tier of trays is a 50 gallon 
tank of the chemical fluid, which is even 
ly spread over the trays by a sprinkler. 

Six pounds of seed are sown in cai'h 
of the two lower trays of the four tiers, 
eight trays in all, resting on the hoi tom 
of the cabinet. 

Solution from the tank .seeps through 
the perforations in each layer of trap's 
until it reache.s the bottom trays lillerl 
with seeds. When the solution covers 
the lower trays the flow from the tank is 


automatically tum«d off, and the seeds 
soak for 24 hours. 

At the end of ^4 hours the seeds 
liegin to sprout, aitl 3 are transferred in 
their trays to the top rack of the cabinet. 
F.ight more trays pf newly-sewn sced.s 
are then placed in the bottom of the 
cabinet and the nutrient solution again 
turned on. 

I'his procedure is repeated every 
24 hours until the tiers of trays arc filled 
with seeds and .shoots in variou.s stages 
of growth. The little wells of seed fill 
with solution, then as they overflow^ the 
liquid drops through the perforations 
on to the next tray, and m on until tht* 
last trays are reached. 

The wells hold just enough solution 
to feed the germinating seeds and growl- 
ing shoots for the next 24 hours, so that 
there is no saturation except in the 
bottom trays of newly-sown seed. This 
prevents the growth of mould. 


With grass or other fodder, the first 
sowing has grown to a height of ton 
inches on tlie eleventh day, and is at its 
most nourishing for the feeding of 
cattle. When removed from the tra>'s 
tile crop roots are found to have inter- 
twined to form a mat an inch thick. 

One cabinet holding 80 trays produces 
dail>^ throughout the year 200 lb. of 
green crop. This is sufficient for the 
daily feeding of 20 cows or 100 pigs. 

Fi>dder grown without .soil has a 
particularly high food value. Ten 
|k>utkIs of grass grown m the cabinet 
are e<]ual to 30 Ib. of feed raised from 
the soil. Phosphate content of niai/.e, 
for example, is iruTf'ased by per 
( cnt, and Iiine content by 300 per cent 
Bullocks and pigs fed all tin? yeai 
round on greimstuff growm in the cabinet 
hav<‘ bt^en bi ought to market weight 
nni(h more chea})ly than animals 
grazed on ]>astMr(‘ 
land. Moreovto , 
the annuals reach 
market in bottei 
condition, and m> 
realise high cm 
prif’cs. 

Although the cost 
of chemicals and 
ecpiipment makes 
hydroponic ciiltiva 
tioii on a small scale 
dearer than soil 
jigricultuic, large 
batteries of cal>inets 
can produce crops 
at a price able to 
compete favour- 
ably w'ith that ot 
natural pasture 
There is the 
additional ad van 
tage that crops can 
be grown! to contain 
the ma.viiTiurn food 
value, and are 
available at all 
times of the y(^aI^ 
Hydroponic cultivation ha.s l>een 
equally successful in the gnnving of 
domestic vegetables, the cabinets and 
proce.s.s l>eing the same as those used 
for grass and other feed crops. Veget- 
ables St) raised are equal, and in som(‘ 
instanc.es .suf)erior, to vcgetablc.s grown 
in soil. Their mineral content is 
generally higher. 

Fresh vegetables grown in cabinets 
replaced to a large extent the de- 
hydrated varieties in the feeding of the 
Allied occupation troops in Japan after 
the 1930-45 W"ar. There arc also large- 
scale hydroponic market gardens in 
British Guiana and in China. 

Hydroponic cultivation has even Ixjcn 
developed to the |X)int of permitting 
crops to be grown in artificial light, 
which can be adjusted and controlled 
in intensity to yield maximum crop pro- 
duction in the minimum of time, anil 
inde]:)endent of uncertain weather. 
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STORMS ON THE SUN & STORMS ON THE EARTH 



It has long been known that the spots on the Sun 's face, which are really whirling storms of gigantic size, affect conditions on the Earth* 
The displays of the Aurora and the variations of the magnetic needle correspond almost exactly with the variations in the sunspots. 
But researches by meteorologists in conjunction with the discoveries of astronomers, have shown that the sunspots have some influence 
on the Earth’s weather. We are at present only at the beginning of the study of this subject, but already it has been found that storm 
areas on the Earth move as the Sun’s spots change their position. In this picture we see a line of sunspots on the Sun’s surface and a 
storm belt in the United States. This particular storm belt has been specially studied in connection with the position of the sunspots 




Storm hr:!r m 

United States 
moved south 
Qnd 


In the two pictures on this page taken together the artist has tried to convey to our eye some idea of how the sunspots affect the weather. 
Researches over many years have shown that when the belt of sunspots changes its latitude or position on the Sun’s face, the storm 
area in the United States also moves its position. We see by comparing this picture with the one above that as the line of sunspots has 
moved, so the storm belt in North America has moved farther south and west. Records of the appearance of sunspots have b^n kept 
for nearly a century and a half, but weather records for those years are not so continuous. It will be necessary for meteorologists to watch 
the weather conditions for many years to come and to compare them with the sunspot cycles before they can ceme to definite conclusions 
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HOW SUNSPOTS AFFECT THE WEATHER 

It is only in recent years that the influence of sunspots upon the Earth has been understood. It is known 
that electrical and magnetic conditions are affected by the sunspots, and now men of science have discovered 
that the spots have an important bearing on the Earth’s weather conditions. Here we read some interesting 
and very remarkable facts about this important discovery 


T iihKi: seems to lx* 
no doubt that the 
Earth’s weather 
londitions are to sortie 
extent, and perhaps t<» a 
larg(‘ (‘xt('nt, aflected Iry 
the sjrots appi-aring on 
th(‘ Sun's surface. These 
spots are th<‘ most con- 
spicuous objects seen on 
the Sun, aird appear 
cpiite dark against th(‘ 
bright disc. 

\Ve read a gtxxl deal 
alxmt th(‘S(' sunspots on 
page s 3O6 to and we 
know that they have an 
important (‘hsltual and 
magmdre etfect n]X)n the 
Eartfi This is de.scribed 
and ill ns t rated on 
])age 806 

Solar ** Freckles 

Ibit the latest discovei* 
i(‘s show that as th<‘ 
sunspots, 01 sol at 
“ freckles,” as they have 
been < ailed, change* their 
position or latitude on 
the* Sun’s suiface, so there 
is a ehaiige 111 the* storm 
belt on our ICarth 

The numb(‘r of suii- 
s])ots varies a great deal 
Some-tirnes tlrere an* \er> 
many visible, while at 
other times the Sun’s face 
may lx* almost ck‘a! 1'his 
variation is found to (‘x- 
tend over reguhir j)eri<xls 
of mJ years 

The cause ol the changes 
we do not know, but the 
patient and careful in- 
vestigations of scientists 
havx* sliown that the 
sunstx)! period is followed 
closely by .1 weatht'r cycle 
on some parts of the 
Earth’s siirfacci. For one 
thing, the Sun is found 
to give three or four 
|X‘r cent, mon^ heat at the 
peritxl of sunspot maxi- 
mum than it does w^hen 
the suns|xjt.s are at their 
minimum. This is a 
curious fact, for while the 
temixTnturc of most parts 
of the Sun’s disc is from 
6,000 to 10,000 (legrws 
Centigrade, the temjxira- 
turc of a sunspot has l>een 



These two photographs of the Sun’s surface given here by courtesy of 
the Royal Astronomical Society were taken by means of calcium light. 
The upper photograph shows the maximum peribd of sunspots and the 
lower photograph the minimum. In some of the sunspots the dark 
part may be 50,000 miles across, and the lighter fringe 150,000 miles 


found to be only about 
3,000 di‘grees. 

It is known that sun- 
spots are ri*allv gigantic 
storms on lh(* Sun’s sur- 
face, and what probably 
ballpens is that these 
hav(‘ tlw* same I'flecl as 
wh(*ii we lake a jxtker and 
stir ujr tlu^ fin* 'I'he in- 
terior of the Sun is .dnaist 
mcrediblv hot; Sir ]anu‘s 
Jeans Ix'hcves that it is 
soiiK'when* about l(»rty mil- 
lion degrees. 'I'he vast dis- 
turbanci* causr'fl by flu* 
storm or .sunspot may stir 
up the surface and 1 (’lease 
.some of this lieal, tht'reby 
increasing the s u r f a e e 
tem]K*raturo. 

Some scientists Ix'lieve 
that it will one (hiy lx* 
possible to f o re I a s t 
weatlu'r .sonu' lime ahead 
from an examination of 
sunspots. Ind(.*<'<l, sonx* 
att(‘nipts at this have 
already Ix’on iiukU*, anrl 
they liave proverl remaik- 
ably accurate 

Forecasting the Weather 

\V(*ather conditions on 
the Earth are, of coursi*, 
caused by the different 
tern|X‘ratures of tiie air 
at ditter(‘nt )>arts. If the 
air m a ( crtam region is 
for any rea.son warmed, it 
rises, and cold air rush(*s 
in from other parts. In 
this way winds and 
storms are l auseil. 

Dr. ('. J. Kullmer, after 
a long study ol weather 
maps, shows that thf* 
storm trat ks across the 
Dnitcd Stat(*s during 
last 21 yi'ars made slight 
.shifts to the S(juth and 
west These*, hi* finds, 
corrrs])ond meire or le.ss to 
the shift in position of Uie 
suns'^xits on tlu' solar disc 
III oth(*r words, a shift in 
the latitude of .storm 
triuks on the Sun mi*ans a 
similar shiit of the storm 
belts on the Earth. 

When this ph(’nomenori 
is more fully stiulied, it 
may bi* possible to cal- 
culate storms years ahead. 
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THE STRANGE MYSTERY OF A LITTLE WORLD 


T ravelling round the Sun in an 
orbit which sometimes brings it 
between the Ejirth and Mars is 
a small world, not more, it is beliex cd, 
than 15 or jo miles in diameter. 1'his 
planetoid, or little planet, is called Kros, 
and its behaviour is so strange and its 
j)ath so eccentric that it is regarded not 
as one of the ordinary minor planets 
that circle round the Sun betweini Mars 
and Jupiter, but as a little 
world that must be treated 
and stiuiied apart. 

Tt was first di.scovered in 
1 .S98 on a photograph taken 
at Berlin, and then when 
earlier photographs taken m 
i 8()3. 1804 and iSyO were 
examined the small body 
was lound on them also. 
Astronomers were able to 
workout its orbit, and were 
very much astonished to 
find that a great part ol 
the orbit lay between the 
Earth ami Mars, and not. 
as in the case of the other 
minor planets, beyond the 
orbit of Mars. 

riu* orbit of J^ros is very 
eccentric, so that when it is 
lartliest from the Sun it is 
165,500,000 miles away, 
and when it is nearest it is 
only 105.300,000 miles from the Sun. 

lint the most remarkable thing about 
this strange world is the variation in its 
hnlliancy At some pcricxls it is very 
much brighter than it is at others, and 
astronomers arc* greatly f)erpl('X('d in 
trying to account for this. The change's 
in brilliance are not only very ext<*nsivc, 
but very rapid. When ICros is least 
bright it shows only one-third the light 
that it does at its brightest ]HU'!od, 


cause of the changes and so the second 
must be the correct explanation. 

But that docs not take us very much 
farther. W hy should the power of this 
little world to reflect the Sim’s liglit 
change, and what alters its relative posi- 
tion with resf>ect to the Earth and Sun ? 

Several explanations have been given, 
and they are illustrated on thi.s page 
One idea is ttiat the different parts of 


the surface of Eros reflect the light very 
une<jually. It is suggested that there 
arc light and dark markings on its 
surface, and that these arc arranged 
something like the eontin(‘nts and 
oceans on the Earth's surface*. If the 
liarth were viewed from Space tlie 
vontinent.s woukl apix'ar very light and 
the oceans very dark. 

Another explanation given by the 
P><’n< h astronomer Andr^ is that the 


Still another e.xplanation is that Eros 
is not really spherical but egg-shaped, 
and that when it is seen sideways it 
reflects much more light than when it 
is seen endwise. Sideways it would 
present mucii more surfa.ee to the 
Earth than when the end was seen. 
At present no one can say what is the 
true explanation. It may be one of 
these, or it may lie something entirely 
different and unsuspected. 

Apart altogether from 
the variations of brilliance 
which have been described, 
and which seem to occur 
alxmt every five hours, 
ICros varies a great deal as 
seen from the Earth at 
different parts of its orbit. 
Wlien it is nearest to the 
Earth it is only 13,500,000 
miles away, but at its far- 
thest it is 260,000,000 mile.s 
away. This enornious dif- 
ference in distance of course 
affects its appearance. 
When nearest it is about 
400 timers as bright as when 
it is at its remotest })oint. 

It is only when Eros 
conies near that it can be 
studied. In 1900 it came 
within 30,000,000 inilos ot 
the Earth, and that was its 
first appearance after discovery. In 
1931 it Ccune within 18,500,000 miles of 
the Earth, but astrononicrs are looking 
forward to the time when it will pass at 
Its nearest, namely, 13,500,000 miles. 

To account for the variations in 
brightnes.s some astronomers have even 
thought that ICros may not be round at 
dll, but have faces something like a 
rough stone from the roail. fhe 
different size's of these fact's might 



H the little world Eros were suddenly to fall upon London it would 
reach from Enfield to Norwood and form a mountain about 1 5 miles high 



These pictures show three possible explanations of the varying light of the little world Eros. Some astronomers think that the 
changing light is due to different parts of its surface reflecting the light to vaiying degrees, just as the oceans of our Earth look 
dark from Space and the lands light. Another explanation is that Eros consists of two httle worlds which circle round one another 
and from time to time eclipse one another, A third explan&tion is that Eros is not spherical but egg-shaped, and presents 
sometimes its side and sometimes its end to the Earth. A fourth explanation suggests that Eros is not rounded in shape but angular 


Such changes can be due only to one 
ol two causes : either there must l3c 
rapid changes taking pUtce on Eros 
itself, or its power to reflect light must 
depend upon its relative position with 
respect to, the Earth ana Sun. It is 
quite unlilcely that the former is the 


little planet is really a pair of twin 
worlds, which revolve round one 
another. When one body eclipses the 
other from our point of view the liglit 
is reduced, and when both little worlds 
face the Earth with the Sun shining 
on them the light is naturally increased. 


account for the variations in brilliance. 
The strange orbit in which Eros makes 
its journey round the Sun can be seen 
in the diagram on p^e 662, wliich 
shows the orbits of the Earth. Mars and 
Eros, that of the latter crossing that 
of Mars. 






Romance oF British History 


A SICK GENERAL WHO WON AN EMPIRE 

The winning of the British Empire is often spoken ot as a great romance. But it would be more correct to 
describe it as a series of roniances. No more exciting story could be told than that of Clive and India, but 
equally thrilling is the winning of Canada by General Wolfe, who at the time of his brilliant victory was not 
only an exceedingly young man to be in charge of a great enterprise, but was a very sick man. and 
throughout the campaign suffered agonies of bodily pain Here is the story 


F rance and Euj^land wore rivals for 
mastery in North America, 
exactly as they were in India, 
but their methods were dillcrent. The 
English settled in large numbers, started 
industries, and began to build up a 
nation. The French, on the other hand, 
emigrated from their motherland in far 
smaller numl>ers, and relied more upon 
establishing forts and conciliating the 
natives to become their allie.s. The 
English also had native allies, although 
the tribes in league with the French 
were far more numerous. These Red 
Men used to be encouraged by thiur 
Euro|x?an friends to upon the 

white settlers of the other side, and 
many cruelties in the way of burnings, 
killings and scalpings took place. 

ThtTe were always great rivalries 
between the English and the 
French in North America, and 
when France and England were at 
war Ihese rivalries developed into 
ojxm hostilities. 

During the Seven Years’ War 
tlie French and English fought on 
opposite sides, and the war having 
t‘xtendt*d to North Aimn’ica, it was 
decided by the English Govern- 
uicnt to make an attempt to dis- 
lodge the French from (.'auada, 
where they held strong positions, 
particularly at Queln^c, their 
capital. 

A CBever General Wanted 

It would be tedious to describe 
the campaign that resulted, unfor- 
tunately for England. The British 
generals were not brilliant, and it 
looked as though the Fnmch would 
ri^tain their mastery of the rich 
nort hern lands. 

At last the elder Pitt, who had 
come into power in England, 
decided to make a strenuous effort 
to win Canaria. The French 
general in command there was the 
Marquis de Montcalm, a skilful and 
intrepid officer. If he was to be* 
beaten an English general of morv, 
than ordinary ability and daring wouUl 
have to be sent out to lead the British 
forces. But who was available ? 
British generalship at this period was 
certainly not distinguished by brilliance 
or originality, and practically all 
general officers were selected not for 
their ability but because of their 
aristocratic connections. 

William Pitt, the elder bearer of 


that name, a truly great statesmai) 
decided to break away from this 
tradition, and he selected as the general 
who shouhl make the attack tm (hiebec 
a young man named James Wolfe, w 1 k> 
had no high social stanrling, but had 
shown himself pos.scsscd of much 
ability, enthusiasm and industry in his 
work. He was only 33 years of age. 
which was extraordinarily young for a 
commander at that period, but Pill 
determined that he should lead the 
('xj^'dition to Quelxn', which was con* 
tempi ated. 

There were to be two otiu'r exfHxh 
tions in Canada. One, under (knieral 
I^rideaux, was t(» ativanie against 
Niagara, capture that fortress, and 
then, crossing Lake Ontario, threaten 
Montreal. The other, with the main 



General Janies Wolfe. From the painting in 
National Portrait Galleiy 


army of men under the com- 

mand of Gf'ntral Amherst, was to 
attack Ticonderoga, on Lake Champ- 
lain, and then push forward to join 
with Wolfe in bis operations at Quebec. 

Wolfe^s task, however, wa^i the most 
difficult, and the whole of hi.s force 
was to consist of only 8,000 men. 

Who was this young general who was 
to leave such a inark ufion the history' 


ol his tiint^, an<l lo prove one ot llu 
foiindm's ol the British Empire ? Ht 
was th(' son of a general who ha<l 
toiight in the wars of Marlborough, and 
on retiring had rented the vicarage at 
W(‘.sterham, in Kent, There, in 1726. 
James Wolte was born, and at fourteen 
he (Mitel <sl ih(.‘ army. 

He was present at the battles ol 
DidtingiMi and hontenoy, and joint d 
the force that returned to England 
from th(‘ Continent and was sent north 
to optKise the Young Prehmder. Wolfe 
was on the stall at the battle ol Ciillo 
den, and Ik: was lucky to escape un 
hurt, tor his regiment wa« the one 
wliich suttcM'ed most in th<» battle. Tht*re 
is a story that the l")ukt* of Cumberland 
after the battle lold Wolfe to shoot a 
wounded Highlander, and that Wolfe 
refus»*d, 

.\fter being almost conlinnousiy 
on iu IjvK^ service Wolfe was sent , 
in 1 758, to America as a brigadier- 
gem M*al, to take j.>art in the .siege 
ot l.yonisbourg. 'I'ho place sur- 
rendered, and Wolfe was described 
as showing great merit, spirit 
and alacrity . 

Then he returned to England, 
but wrote to Pitt otiering his ser- 
vices in America “ particularly in 
the River I-awnMice, if any opcia 
lions are to be ( arried on there ” 

111 Health and Suffering 

At tJiis time VX’olfe was a gn at 
sufferer Irom ill-health. He had 
a very painini ((unplainl, and was 
e a t e n up with r h e u m a I i s m 
Canada was the last place 1 k' 
should hav(! gone to from the 
health ]X)int ol view. He cared 
nothiim, however, for his own 
personal weliare, but btung a great 
patriot, wanted to do the bt\st he 
could for his ci^unt ry. So he 
accepted the appointment with 
enthn.siasin. 

Wolfe never .shone m society. 
He was shy of disposition and not 
attractive in ap})earance. His 
hair was nsl, and he made no attempt 
to follow the custom of the day and 
l>owder it. He realised that he could 
never do his best except in unusual 
circumstanct^s. “ M y n at urc, * ’ he wt ole 
to his mother, requires some extra- 
ordinary events to produce itself. I 
want that attention and those assiduous 
cares that commonly go along with 
gfK>d nature and humanity. In the 


the 
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common occnrn'm tjs ot lilc I own 1 am 
not seen to a<IvantaRe.’‘ 

Koffrrinti to Ins aj)j)ointmcnt h<j 
wrote: The backwardness of some of 
the older ofheers has in sotik* measure 
torc'ed the Ck)vernnu‘nt to ronie down 
so low. I shall do my best and leave* 
the rest to lortime, as pertorce we must 
when there are not the most command- 
iriK abilities 

Late in February, 1759, Admiral 
Saunders, with a, sailed from 

Spithead tor ('anada, canyirif; Wolfe, 
his stores, and a lew troops. The bulk 
of the army for tlie capture of Quebc*c 
was to be ji;.'ith<*r<ul in ('anada. The 
voyaf^e was a rough one, and it was 
May before Wolfit landed at Halifax in 
Nov'a Scotia, where the young general’s 
Amerit:an troops had been eollectc'd. 

The soldiers he had taken from 
TCngland were pcrff'ctly disciplined and 
of the very best material, and although 
Wolfe ‘s force was weak in numbers 
it was efficient in quality, “ Jf valour 
can make amends for want of numbers,” 
he wrote to Pitt, we sliall succeed." 

Of course, in the early part of the 
year the St. Lawrence is blocked by ice, 
but on the first of June Admiriil 
Saunders, with Wolfe and his army, 
started from Halifax, the bands playing 
" The Girl I Lett Behind Me " as they 
set out, and the men clieering heartily, 
.\t the mess tables the officers had only 
one toast ; “ liritish colours on every 
French fort, |X)s and garrison in 
America.” 

riui admiral’s fleet consisted of 
22 ships of the line, lx*sidc the fran.s- 
ports, and by the 14th of June they 
had entered the St. Lawrence River. 


Very little was known by the Knglish 
at that time about thi.s river, and pilots 
wc^rc' badly nc'eded, but how could they 
be obtained ? French subjects could 
hardly be expected to help. J'heir 
ser\'ices, however, were secured by a 
ruse. 

Some of the British vessels going 
near the shore ran up French flags, and 
thenmpon numbers of the country 
people rowed out and went on boarcl. 
Their surprise when they found that 
th(' ships w(Te Fnglish can be* imagined. 
In this way a pilot was secured. 

A City Well Defended 

While the British expedition was 
tliu.s nearing Ouebec what was Mont- 
calm doing ? Well, he was not idle. It 
had always been maintained that no 
expedition strong enough to threaten 
Quebec could ever navigate the St. 
Lawrence Kiver, and it was believed 
that throe or four thousand men could 
hold the city against any possible 
force that could come against it. 
Instead of that number there were 
16,000 French troops under arms, and 
Montcalm's plan for the defence of the 
city was well thought imt. 

As can be seen from the picture plan 
given on this page, Quebec stands on 
a steep promontory on the nortlowest 
bank of the St. I.awrence, with the 
Heiglits of Abraham, named after an 
old French pilot, on one side, and 
across thi' St. Charles River on the other 
.side a long ridge stretching for six 
miles to the Montmorency J^ivc^r. It 
was situated at the junction of the 
St. LawTonce and Charles Rivers, and 
was defended at its back by a forest. 


The Heights of Abraluim were 
regarded as (juite unscalable, and the 
ridge between the ('harle-^ and Mont- 
morency Rivers wa.« strongly fortified 
and entrenclied. In fact, the position 
of Queliec was regarded as impregnable. 

Wolfe, hovvev^er, was determined to 
take the city. But liow' was he to do 
it, in the face of a French army twice 
the si/e ot his own, possessing tnlJ 
knowledge of tlie country, the sympathy 
of the natives and settlers all round, and 
with an able general m rommand ? 
Knowing the situation, no one luit a 
Wolfe could have dared to think ol 
success 

J he British fleet, to the cistonish- 
ment ot the French, sailed .safely up 
the river and the invading army was 
landed on the Isle of Orhians on th<; 
oj)posite side of the river, hu'ing the 
F rench enlrcnchmenl s. 

Here the fleet anchored, and the next 
night Montcalm tried the filan that 
Drake had found so successful in 
causing panic among the ships ol the 
Spanish Armada. He sent a number of 
til e-ships down the river towards the 
anchorecl fleet. 1'hey w^ere floated dow n 
quietly, and the matches were not 
applied till the hulks were almost 
upon the fleet. 

Then suddenly they burst forth into 
flam<‘, explosives went otf wdth terrify- 
ing sounds, and the British sentrk's, the 
only people awake, wore jianic-stricken 
ancl rushed otl to the sleeping camp 
to give the alarm. As the flanK*s 
shone out and the grapeshtd and bul- 
lets fired from guns on the fircshij)s 
crashed through the trees, the suddenly 
aw'akenod army almost lost its nerve. 
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The sailors, liowever, wero not 
Iriji'hicned like the soldiers. In fact, 
th(‘y treated ttie matter rather as a 
joke, and sottin;^ out for the hre-ships. 
grappled them and towed tluiiii a.shore, 
where they could do no harm Moid- 
calni’s plan had failed. 

A Proclamation to the People 

James Wolfti was a great tighter, 
but he was also a great gentleman. 
He issuth.i a proclamation to the 
civilian population, saying : *' VV<* are 
sent by the English King to conquer 
this province, hut not to make war 
njion w^omcn and childnm, tht‘ miuisliMs 
of religion, or industrious peasants. We 
lament the sulterings wliicli our invasion 
m«iy inflict upon you, hut if you remain 
neutral we proffer you safety in person 
and pro]Kirty, and freedom in religion. 
We are masters of the river ; no succour 
can HJiK'h you from France. General 
Amherst, with a large army, assails 
your southern frontier. Your cause is 
hopeless, your valour u.sele.ss. Your 
nation has been guilty of great cruelties 
to our unprotected si'ttlors, but we seek 
not r(‘venge. We oiler you the sweids 
of p('aee amid the horrors of war. 
l\ngland in her strength will befriiMid 
you. France in her 
weakiu's.s leaves 
you tt) your fate." 

U Ti fo rtunately, 
h o w V V e r, t h e 
pea.sant.s would not 
remain neutral, 
but did all they 
i‘(ndd to assi.st thi' 

J’'rencli and harass 
the Fnglisli. 

W'olfe now inade 
a survey of the 
situation, and rea- 
lised tb(‘ enormous 
difhculties of his 
task. He had, of 
I’ourse, Insui told 
to expect the lu‘lp 
of AmhtTst, but he 
knew only too W(*ll 
that that general 
was not noted for 
quit It movement 
in the held. 

Wolfe decided 
that he rn n s t 
occiif)y l\unt Levi, 
an (‘leva ted shore 
of the river facing Quebec, He did so, 
at once, meeting with only sliglit n*sist- 
ance, and then getting his guns into 
posilum began to throw' shot and shell 
into the lower city. It is said tliat 
Montcalm had wanted to occupy this 
position, but that the Freiu h (Governor, 
Vaiidreiiil, w'lio w'ashis supt'rior, forbade 
It on the ground that the upper or mo.st 
important part of the city could not 
be reached by gunfire from that 
bank. H<* soon found that he had been 
wrong and Montcalm right. Hut it wris 
too late, and shot and shidl pourerl 
upon the city, doing much daniagi*. 
Houses, churches and monasteries fell 
beneath the bombardment, and even 


the great cathedral, the pride of Quebt*(', 
was reduced to nuns. 

.Vll this time Wolfe was suffering 
terribly in bo<ly, but he was here, the're 
and everywhere inspiring his men and 
putting 70 st into the attack. 

Messages p.issed betwt*en th<' two 
.sides under Hags of irnce, and one 
wdiich the Frcneh despatched said : 
" You may destroy the towm, but you 
will never get inside li." 

“I will take Quebec," rei>Iied the 
young general, "if 1 stay liere till 
Novcmi>er." 

It must of course be understood that 
when the Canadian winter started, 
anything in the way of serious iinlilary 
(q)erations in such a situation wouM 
be impossible, and the wuiter often 
starts very early It was now July, and 
if the Fnglisli were to capture the 
Frencli c.qjital it must be done in tlic 
next few weeks. 

Wolfe decided that he would make 
an attempt to storm th(‘ Heauj>ort 
lines, that is, tin* Fren< li entrench- 
ment opposite the Isle of Orleans. 

At one pbwa; the Montmorency 
River could be forded at low tide, 
although the landing place on the 
ojqKJsite bank Wcis difficult. Wolfe, 


liow’cvcr, decided to make the attempt. 
'fw'O tlioii.sand men under General 
Townshend were to ford the Mont- 
morency, and at the same tinif* Wolh‘ 
with a similar number of men was to 
approach the entrenchments direct in 
flatdu)ttouv‘d boats, and land on tlie 
narrt)\v Hats beneath the fortified ridge. 
W'hicli looked down iij)on thi-m. 

A 1 British frigate was brought to the 
place to keep up a fire on the French 
lines, and a. number of English batteries 
fired across the Montmorency Rivxr. 

Townshend and his men cro.sscd the 
ford successfully, and Wolfi*, after 
some cliHiculty, landed and rajHured an 
outlying redoubt. But befon* he could 


direct any united action bid ween the 
two Hntish forces something happened 
wiiich upset the whole plan 

fhe (xrenadiers and soin<‘ Ameriian 
troops, les.s than a thousand strong ]>ut 
all veterans, witliout receiving any 
orders triun their iMhcers. .md without 
any military formation, suddenly rushed 
up the slippery slope tow.irds the 
iort ificalions, wlicre we:e cannon and 
3,000 marksmen, witli another io,oou 
men ready to huid siqiport 

Rebuking the Troops 

It was, ol ionise, iittei madness. By 
no p(issibl»‘ means could the attack hav(‘ 
suci ceded, anil when th(‘ French 
o])ene(l fire th(‘ slo])e was covered with 
lhatish dead and wounded. Altogether 
4^3 mi'll were killed fhe Hiitish had 
to retire and Wolfe’s attempt on the 
Heaujiort entri'in'hments had l«iiled 
The next morning he addressed the 
men who had made the insane attack, 
condemning them lor 1 licit " im]>etuons, 
irregular and imsoldierbki' proceeding," 
and asking them if they supposed that 
they alone could beat the whole French 
army. 

Alter this the iMiglish remained 
almost inactive right through the 
month of August, 
and Montcalm was 
perhajis entitled to 
consider himself 
and his city .safe 
He even allowed 
2,000 auxiliaiy 
troops to leave for 
their homes to 
g a t li 0 1 in t h e 
harve.st 

A thou.sand of 
Wolte’s men were 
in hospital, either 
sick or wounded 
News arrived that 
Amherst, although 
he had been sue- 
lesstul in taking 
d'jconderoga, was 
unlikely that sea- 
son to lx.‘ able to 
get through or 
render any .issist- 
ance iVidcaux 
h a d c a p t u r e d 
Niagara, but he 
could not help 
Wolfe, anej anyone 
but the young English general would 
liave de.spaired and gn en up the cain- 
jiaign for th.it year 

Tie wTote to his mother, iiowever, 
hojx'fully, saying ol Monicrdm : " The 
old fox has a large .irniy of bad trocips, 
while I liave a small army of good 
ones " 

It should be explained that a viTy 
large part of Montcalm’s army, while 
no good for fighting in the open, 
(onsKsted of skilled maiksmen who 
were deadly behind entrenchments. 

The situation was getting hopeless 
for the English and then, to make 
matters worse, Wolfe tell really ill. His 
painful complaint grew worse, and for 
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Wolfe, in a low voice, recited Gray’s “Elegy Written in a Country Churchyard," adding, 
“Gentlemen, I would rather have written those lines than take Quebec 
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a week ho lay sick ot a lever, and help- 
less lijs physical pain was increased 
by his mental agony at the lliought of 
failure. He IninseH had become the 
sole inspiration of his army I lis men 
adored him, but if he were to be pros- 
trated on a bed of sickness whal could 
hapix'n but failure ? By the first of 
September, however, he had sufficiently 
recovered to get up 

Twenty British ships had Im^cm 
sent up the St Lav\Tence beyond the 
town, ]>ast the H.'ights of Abraham, 
but the shore here was found to b(’ 
strongly fortified everywhere. Quebec, 
however, drew its supplies of food from 
this area, and anytliing that could 
harass the French ships up there would 
assi.st Wolfe and hinder Montcalm 

On Septembei 3rd Wolfe moved the 
whole of his forces which had l>een on 
the banks of the Montmorency to his 
camps on the Isle of Orleans and Point 
I^cvi 

There is no doubt that at this time 
ho had decided upon his ])lan of altai k 
the plan that was to piove so 
brilliantly successful Hut ho 


favour, and it seemed as if the idea that 
Quebec was impregnable to attack was 
to prove true after all. 

And now at last Wolfe decided to 
carry out his plan He had seen by 
means of a telescope, while examining 
the Heights of Abraham from the 
opposite bank, a little path that ran 
with a steep slope up the face of the 
wooded precipice. It is said that an 
fMiglish officer, who had long been held 
a prisoner at Quebec, had escaped and 
drawn Wolfe's attention to this path 
Wlicther that be the case or not, 
Wolfe, after careful consideration, 
believed that a body of picked men 
l ould scale the heights, and plans were 
a<:c<irdingly laid to make the attempt 
If the jiicked men could ri^ach the top 
and overpower the few French soldiers 
left to keep watch there, the general 
believed that the rest of thi^ army 
could scramble up and reach the heights 
when Quebec would cither be at his 
mercy, or the French army would 
have to fight In the open field he 


This was only a feint on the part ot 
Wolfe, and it had the effect of de- 
ceiving the French commander, Ikm- 
gainville, who supposed the English 
w’anted to land up the river far beyond 
Quebec. Nothing, however, happened, 
and for the next two days the rain 
poured incessantly The English troops, 
crowded in their ships, suffered a gCKxi 
deal, and it was therefore decided to 
land about half of them on the south 
shore of the river, where they could dry 
their wet clothing and blankets. 

For the next few days the .British 
ships drifted up the river with the 
flood tide and down with the ebb tide, 
passing and repassing between Quebec 
and the FrciKui force under Bougain- 
ville. The French were greatly per- 
plexed, always expecting an attack, 
and never knowing where it was to Ihj 
made. 

On September 12th the troops tliat 
had been landed were again taken on 
board, and Wolfe issued a general 
order to his forces w'hich is worthy to 
rank with Nelson’s order: 
" England exficcts that every 


wanted the French to gel no 
inkling of it, and so in those 

t'arly days and nights of Sep- 
temlier he did all he could to 
harass and confuse the Frcacli, 
giving the impression he wa.s 
going to do something, but what 
they could not conceive 

Bewildering Tactics 

He p a I a d e d h i s troop.s 1 1 1 
camp, he made demonstrations 
by loading 1 he troops into boats 
and taking them here atul then', 
he caused the war.ships to move 
up and down the river, he kejit 
up tlie bombardment from his 
batteries on Point Levi, and as 
all these movements could lx* 

•^een from the city on its lofty 
perch, the French must hav(' 
iX'en bewildered and v< ry 
vvorned. 

Then on Sejitember 5th WolJe 
was again laid low on a bed ol 
sickne.ss- His complaint and his 
rlieumalisni, together with fever 
and the great mental strain 
under which he was labouring, 
would have killed any man with 
a less indomitable spirit. But 
Wolfe was determined to taki? 

Quebec 

‘Patch me up sufficiently 
for the work in hand,” lie 
implored his doctor, 

‘and after that nothing matters” 

The next day, although a sadly sick 
man, he struggled up from his bed and 
led a march of his men 4,000 strong up 
the south bank of the river. At a 
certain point they were taken on board 
the boats of the fleet and then moved 
up the river as though about to make an 
attack. 

Anotlier feint was made at the moutli 
of the Charles River. It must have been 
very confusing and harassing to the 
French But still, time was in their 



As the boats turned in towards the shore a challenge was 
given by a French sentry: Who goes there ? ” 


believed there would be no doubt 
about the result, even though the 
French forces might be in overwhelm- 
ing numbers. 

On the, morning of September 7th 
Wolfe’s army sailed up the river 
beyond the Heiglits of Abraham to a 
place where a French force was en- 
trenched. The ve.ssels came to anchor, 
and in the afternoon opened fire, while 
boatloads of soldiers rowed up and 
down as if busily engaged in looking 
for a place at which to land. 


man will dt) his duty ’ 

Battle Orders 

” I'hc enemy’s force is now 
divided, great sctarcity of pro- 
visions in their camp, and 
universal discontent among the 
Canadians. Our troops below 
are in readiness to join ns. All 
the light artillery and tools are 
embarked at the X^oint of Levi ; 
and the troops will land where 
the French seem least to expect 
it. The first body that gets on 
shore is io inafc li directly to the 
enemy, and drive them from 
any little post they may occupy ; 
the officers must be careful that 
the succeeding bodiCvS do not by 
any mistake fire on those wdio 
go before them The battalions 
must form on the upper ground 
with expedition and be ready 
to charge whatever presents 
Itself. When the artillery and 
troojis are landed a corps will be 
left to secure the landing-place, 
while the rest march on aiul 
endeavour to bring the Cana- 
dians and French to a battle. 
Tile officers and men will re- 
member what their country 
expects from them, and whal 
e WAS determined body of soldiers 
inured to war is capable of 
doing again.st five weak French 
battalions mingled with a disorderly 
I)easantry.” 

Wolfe had altogether 3,600 officers 
and men with him on the ships. He 
sent orders that as many as could l)e 
spared should march along the south 
bank of the river from Point Levi, in the 
island of Orleans, after nightfall, and 
await orders at a spot that was named. 
Altogether, about 1,200 carried out 
this order, so that the total available 
army wivs 4,800 Wolfe meant with 
the.se to climb the Heights of Abraham. 
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Adtniral Saunders was to range hiss' 
lieet along the Beauport shore and to 
lower boats and fill them with sailors, 
marines, and the few troops that were 
left. The ships were then to signal to 
one another, and the cannon were to 
be fired aa though preparing a way for 
landing 

Saunders certainly assisted in the 
plan admirably. Tlie firing that was 
carried on in the river above Quebec 
was regarded by Montcalm as only a 
feint, and lie believed that a serious 
attack was to’ be made on the Beau- 
port entrenchments. He, therefore, 
gatlicred the bulk of his army in that 
part and awaited the Engli.sh. 

While in the fleet with 
Saunders all seemed uproar ami 
excitement, as though it were 
about to attack, the danger to 
the French was really ten miles 
away, where the other British 
ship.s lay silent at their anchor- 
age. But all the men on Ixiiurd 
knew that that night a blow was 
to be struck, though where had 
been kept secret from all but a 
few officers. 

Volunteers were called for to 
make a de.sperate venture, and 
il was said that if atiy survived 
they could depend upon it that 
they would be recommended to 
the General, Of tliose that 
c.ame forward 24 wore seU^cted 

Well-Laid Plans 

Late in the evening thirty 
large boats which lay moored 
by tlie side of the ships were 
filled with troops, and th(‘so held 
altogether 1,700 men. The rest 
ol the army reruaineil on board 
the ships The 24 volunteers 
were in the first boat. Bou- 
gainville could see that some- 
thing was going on, but gathered 
T h a t he h i rn .s i‘ 1 f w a s to lx‘ 
tjttaeke<l, and in order to add to 
liis deception some of the boats 
were allowed to drift up the 
river \vith the tide as if to land 
in the higher reaches. 

Wolfe's plan w^as that under 
L over of tfarkness the boats 
should go down silently under the 
.shadow of the northern shore, and that 
the 24 volunteers .should scale the 
Heights of Abraham Then, when they 
had silenced any sentinels that might 
be found, the rest of the army should 
scramble up as best it could and form 
up on the heights above. 

Circumstances now Ixgan to work in 
favour of Wolfe. It has been explained 
that all the food supplies of Quebec 
came from the upper part of the river, 
and two deserters from Bougainville’s 
Ccamp brought news to Wolfe that at 
ebb-tide that night a convoy of pro- 
visions would come down the river to 
the city. 

The risk was to be taken of sending 
the food by water because of the 
difficulties of land transport. The 
French had often allowed their f<x)d 


boats to drift down in the darkness 
under the shadow of the northern 
shore, and generally they had passed 
in safety. 

Wolfe saw at once that if he .scut his 
boats down in advance of the French 
boats they woukl be mistaken for the 
food convoy, and probably get to the 
place of landing undetected. 

Everything was now in readiness for 
the great attempt. Wolfe, who sat in 
the cabin of the Sutherland, talking to 
a former .schoolfellow of his, John 
Jervis, afterwards the famous Admiral 
Earl St. Vincent, told tliat officer that 
he expected to die in battle Ihc next 


day. "J'aking Irom hi^ bosom a inn na- 
ture of his fiancee, he gave it to Jervis 
with a request that he would return it 
to her if the day should end fatally 

About two o’clock in the morning 
the tide liegaii to ebb, and a fresh wind 
blew down the rivet. Everything was 
favourable to the enterprise. The 
signal was given by raising two lanterns 
to tJic main top shrouds of the Suther- 
land. At once the boats cast off and 
slowly drifted with the current. 

Bougainville saw the British fieet 
drift down-stream, but did not take the 
trouble to follow them, thinking they 
would return with the next tide to 
attempt their landing where he was 
tmcaniTied, For two hours the proces- 
sion of boats went on. The stars were 
visible, but there was no Moon, hnd the 
darkness wa.s enough to hide the boats 


Wolfe bimseU was in one ot the lore- 
most boats, and near him wavS a young 
midshipman, John Robi.son, who later 
became a profes.sor in Edinburgh Ho 
tells us that as the ships drifted along, 
Wolfe in a low voice recited Gray*s 
" Elegy Written in a Country Church- 
yard,’' adding, ’’Gentlemen, I would 
rather have written those lines than 
take Quebec." 

It must have been a dramatic and 
prophetic moment as the young general 
repealed the words : 

J he boast ot heraldry, the pomp ot power, 
.And all that beauty, all that wealth, e'er 
«avi;, 

Await alike th' inevitable hoiu 
The paths ol glory lead but to the 
giave 

As the boats turned in to- 
wards the shore a sharj) 
challenge came from a French 
sentry ; " Who goes there ? " 

" France," answered a High- 
lander, who tonld s]X"ak FrenVh 
fluently 

" Ol what u'giment ^ " came 
the re])ly. 

" The Queen's, " retut m d llie 
Highlander, who knew that part 
of that t orps was wuth Bougain- 
ville. 

The sentry, who had been 
inlormf'd that a food convoy 
w'as to j)as.s, was satisfied, .md 
<lid not ask for the password 

The Silent Climb 

A little lower down anothei 
sentry challenged the boats, and 
in reply the same ofticer said m 
French : " Provisi on boats. 
Don’t make a noise or the 
English wall hear us " As an 
Engli.sli sloop w'as anchored not 
far off the sentry said no more 
and let the boats pass 

Soon they rounded a headland 
and came to tiuf landing-place 
Wolfe was one of the first to 
leap ashore. The 24 volunteers 
< limbed up as silently .is they 
('oiild, closely followed by otliei 
soldiers They reaedied the top 
in safety, and saw through the 
darkness a group of tents not far ofi 
'Fliey immediately rushed at them A 
French officer leaf>ed from liis b.^d and 
tried to run off, but he was shot in the 
heel and captured. Some of his men 
escaped, but two or three were caught 
Wolfe and his men were listening 
intently fit the foot of the forbidding 
rock for some sound that should tell 
them the enterpri.se had succeeded 
Presently their strained ears heard 
musket shots and loud hurrahs, Wolfe 
knew at once that his men had mastered 
the |)OSition. ' Word was given, the 
troops leaped from their boats and 
scaled the heights, some here, some 
there, assisting themselves by clutching 
at the branches of the trees and bushes. 
Their musket.s were slung over their 
backs so as to leave both hands free. 
Wolfe, although weak, managed to 



The volunteers climbed up tht Heights as silently as they 
could, closely follovrid hy other soldiers 
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Orng himst'H np witli thv otiuTs, ajul 
\v1k‘ii tli<‘ uioTiiin^; boiLjan to dawn a 
t'onsuk*r«iblr force of Kedcoats had 
toniicd u}) on tiic plateau 

riierj rannoTi wcTo h(‘ard booming 
The sounds rain<* from a Fr(‘nch battery 
tliat hud bofjun to fire on the English 
boats and va*-ssels lollowing up at the 
lear Wolfo sent some of his men to 
silence tlu* battery 

The Entish troops continued to land 
and climb the heights. As fast as a 
boat emptied it returned to the ships 
to take on more troops, and by dayliglit 
Wolfe’s battalions weteall diawniipon 
the Heights o1 Abraham 'J'he most 
tlangerous p.irt of the enterprise had 
been carried out suc<'essiully 

An Astonished General 

When Montcalm was informed that 
the English army was on the Heights 
of Abrah.Lin he could not believe the 
story Then lur thought that a few 
m{‘n must have appeared there merely 
as a feint, to draw him from the Heau- 
port lines However, he rcjde forward 
and his eyes convinced him of the truth 
He was staggeretl ” I see them.” he 
saul, ” where they ought not to Ik*, but 
if we must fight 1 sluilJ crush them ” 

(hitlu'ring as many troops as lie 
c’ould muster he hurried across the 
St Charles Kiver by the bridge of 
boats I'he English were now advanc- 
ing Tliey had no cavalry and only one 
cannon, but Wolfe had inspired them 
with ardour and they were determined 
to compier or die. 

Montralm liad mingled Ids Canadian 
regiments with his Frencli troops, and 
some think this was a rni.slake. He 
fillcMi the thickets and copses with 
1,500 of his best marksmen, who kept 
up a constant fire, which drove bjick 
the English pickets in confusion 


Wolfe, however, regardless of his 
own saftdy, moved along the line 
encouraging his men to stand firm and 
instructing tlumi to reserve their fire, 
no matter what liappened. until the 
enemy should be within forty yanls ot 
the mu/zles of tht*ir muskets 

'I'he troops obeyetl him to the letter 
Altluiugh many of them fell mortally 
wounded, the regiments remained im- 
movable while the Frencli were coming 
on Wolfe himself received a ball in 
his wrist, but he tied his handkerchief 
round the wound and nevei flinched 

At last the hTench wt*re within forty 
yards, and then the Hritisli fired a 
W(*ll-aimcd volley. it did its fatal 
woik When the smoke hatl cleared 
away laigc numbers of the enemy were 
lying on the ground, many liad lltM, 
and those who remained wavered 

“ See How They Run I 

Wollc darted forward, cheering on 
Ins men, and then a second ball striu k 
him in the gioiii th* was in agony, but, 
concealing Ins anguish, he continued 
to advance and give ordiTs At last a 
third shot pii'rced his t)r(‘ast, and he 
fell to the ground 

Men Ciirned him to tiie rear, wliere 
It was soon ek‘ar that he was dying 
FToin tiriK' to time tie tried to lift tus 
head to look at the field of battle. 
Then his eyesight began to fail h'or 
some moments he was motionless, tlie 
only sign of life being his heavy 
breathing. 

Suddenly an officer who was standing 
by exclaimed, ” See how lliey run ! ” 
Who run ? ” asked Wollc eagerly, 
raising hini.self on Ins elbow. 

” 'I'lu* cmemy,” answered the officer 
“ they give way in all directions.” 

” Then God be praised,” said Wolfe, 
” I shall die happy ” 


With these last words he fell back 
and expired His death wius remark- 
ably like Nelson's, and he has often 
been called the Nelson of the army 
About the same time the Marejuis de 
Montcalm was also struck by a musket 
ball while trying to rally his men He 
was carried bjxek into the city, where 
he ('X})ired the next day, 

When told tliat his end was near he 
answi‘red, ” So much the better 1 
shall not ttum live to see the surrender 
of Quebec ” 

Joy and Grief Together 

The city fell the next day, and 
although for a time the English were 
tht‘mselv(*s bcsicgcil by a Frencli force, 
they soon gained upper hand. 
VYolic'ii daring victory on the Heights 
of Abraham had g'ven an empire to 
Britain, and practically ended the 
French rule in Nortli America 

Will'll iK'Ws ot the victory reached 
lAindon there were strange scenes. 
Exultation at the success was blended 
With sorrow for the young liero’s loss 
An eyewitues.s says : ” Joy, grief, 

curiosity, astonishment wi're painted 
on every countenance The more tlyy 
inquired the higlier their admiration 
rose.” 

ICveryone, rich and poor alike, wore 
mourning tor Wolfe, and when his 
remains reai hed Portsmouth they were 
landed amid the highest honours. 
Jdags cvety where floated at half mast, 
anil minute guns wi're fired. It seemed 
almost like tlie death of a sovereign. 

Years afterwanis in tin* (iov'ernrnent 
grounds at Quebec was eri'cted an 
olxdi.sk sixty feet high, with the word 
” Wolfe ” on one face and ” Mont- 
calm ” on another. It wa.s a rnagnifi 
cent joint tiibiite of two races to two 
gallant soldiers. 
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The death of General Wolfe on the Heights of Abraham, at Quebec, in the moment of victory. From the painting by Benjamin West 
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AN ANIMAL WITHOUT A FRitND 

It a universal vote were to be taken as to which of ail the larger animals was the ugliest and most repulsive, 
there is little doubt that the crocodile would head the poll. It is both a bad-tempered and a dangerous beast, 
and here we read many interesting facts about its life and habits 


N ot only is the crocodile iin- 
attractive in form and ungainly 
in its movements, but it is a 
great danger to those people in whosi^ 
lands it is found wild. 

It lurks for hours perfectly still in 
the water or mini by the nvtir bank, and 
then when the people come to bathe or 
to get water the crocodile will s(U7e 
them, drag them beneath the water, 
and make a meal. This constantly 
liappens, and as proof nothing more is 
needed than what is found insidi? a 
crocodile alter it is killed. Beads and 
earrings and such ornaments worn 
by women arc constantly recovered 
in this way. 

Mr. K. (i. Boulengcr, a former director 


Pitman saw a crocodile m Afntui, near 
the Murchison Falls, whicli measured 
at least five lect across th<! back. 

'I'hey do not crawl wilh their bodies 
on the ground, but move with a kind 
ot wat Idling run with the legs nearly 
straiglit aiKl the body raise^l. The 
tail, however, drags along the ground 
and leaves a track as though a plough 
had pas.sed that way. 

Being an amphibian the crocodile 
attacks on land or vvatei. It will pull 
a man out of a boat if his arms or legs 
are hanging over the sides, and it 
has even been known to put its leet 
on the side of the lK>at and grab a man 
as he was paddling along the river. As 
a proof of its enormous muscular 


Wht'n tin* crocodile pulls a human 
Ixiing or a beast under water its mouth 
is ne( essarily open, but waliu’ does not 
pass down its throat, tor the tongue ih 
raised and folded so as to meet a 
transverse told in th(; roof of the 
mouth, and thus closers the opening 
to tile throat. 'l‘he jaws of the adult 
crocodile are excet'dtngly powerful, and 
can bite a man in two. It can stay 
under water for quite a long time, 
and it is both a last swimmer in the 
water and a fast runnel on land. 

A distinguished big game hunter, 
Mr. J. Morewood Bowsett, says : ' 'Phe 

crocodile is the enemy cjf man — an<l also 
ol everything that lias life — and I do 
not know tliat he has one- friend. 


of the Aquariuin at the lauulon Zoo, 
tells us in one of his books that inside 
one crocodile were found eight long 
rows of beads, winch had formed the 
girdle of a missing native woman ; 
one pair of silver 
earrings; one single 
bead of a pattern 
which had been out 
of local fashion foi 
a century and a 
half; one jam jar, 
and the neck of a 
bottle. This croco- 
dile was a monster 
15 feet long, and 
was shot in the 
Gambia River of 
West Africa. 

Grim Relios 

Another croco- 
dile over 18 feet 
long, caught in 
Borneo, when 
opened up was 
found to contain 
the silver ankle 
and wrist bangles ( 
of a Malay woman 
and part of the 
clothing of a child ; 
also some Dutch 
coins often worn by 

native women as ^ ^ r u u 

ornaments, and the ^ handful of baby 
clothing and pig- shell they 

tail of a Chinaman. 


strength, it may be luentitmot! that a 
croc.odile has been seen to seizi* by the 
hind leg a lull-grown rhinoceros as it 
was leaving the river, and after a 
tremendous struggle the rhinoceros 



crocodiles. Even when 
will often snap their jaws 


as ho IS ot a surly and bad temper 
and iloes not even like liis own sj>etics. 
When crocodiles fight togetln'r tliey lie 
parallel to each other on the ground, 
the head of one iKnng at the other’s 
tail They then 
|X)iind each other’s 
heails with their 
massive tails," 

cnHXxiilc interlock 
when tliey bring 
their laws to- 
gether, and this 
gives them a grip 
that IS irresistible. 


Crocodiles* Eggs 

The crococlik 
has a habit of 
swalkiwmg stomps 
which enable it to 
grind up its food 
and so help diges- 
tion, just as a fowl 
takes grit to assist 
the pulverising ot 
tliie food in its 
gizzard. 

1 1 may s c e ms 
strange that such, 
a huge and un- 
gainly animal 
jiiould bo hatched^ 
from an egg about 
the size of a large 
hen’s or a goose’s 
egg, yet such is the 


they are coming out of the 
together ferociously 


It is difficult to say how long croco- 
diles live — probably they may even 
reach 200 years — but Captain C. R, S. 
Pitman, the game warden of the 
Uganda Protectorate, says they grow 
very slowly and that a 2-foot crocodile 
would be about fifteen years old, while 
a 3-foot reptile would be about thirty. 
As they grow older they increase in 
width more than in length, and C^iptain 


was dragged under the water and 
drowned. 

Its form is particularly adapted for 
hunting in the water, for its eyes are 
raised so that when its whole body is 
submerged they are just peeping above 
the water, and when it marks its prey, 
generally without being seen, if will 
sink, swim towards it, and seize it with- 
out any warning. 


fact. Of course, every living animal 
including ourselves has come from an. 
egg, but in the case of ourselves and 
all the mammals except the platypus, 
and the echidna of which we read in 
another part of this book, the egg 
is not laid by th^) mother in some 
outside filacc. But the female croco- 
dile, like the hen, actually lays the eggs. 
— anything up to sixty in number-- 
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111 a hollow ol the sand by the river 
bank. The eggs have a white shell just 
like a hen's and except that they are 
a little longer might be taken for 
hen's eggs, 

riie crocodile does not sit upon the 
eggs like a bird, but she allows the sun 
to do the hatching. Some crocodiles, 
like those of the Dutch Indies, actually 
build a nest of leaves, twigs and 
branches, and there lay the clutch of 
eggs. The mother then retires to a 
di.stance, where she w^atches the eggs 
so that marauding monkeys may not 
(orne and .steal them. Some sev^eral 
weeks later the young reptiles hatch out. 

When the young crocodile is ready 
to emerge, it makes .some kind of 
;iOund which attracts the mother, and 
if the eggs are buried in the sand the 
mother crocodile at once uncovers 
thorn. The baby inside then cracks 
the shell tind pokes the tip of its nose 
{)ut. Then it pushes the whole of its 
head out an<l gradually more and 
more of the body emerges, till at 
last it has treed completel}' 

from the shell. Jl shows its character 
oven before it is actually hatched, for 
it will snap if touched immediately its 
head has l>e<*n pU8he<l outside the shell. 

As soon as the 
young crocodiles 
are hatched, they 
are quite well able 
to look after thetn 
selves and make 
their way at once 
to the water, where 
they liegin prey 
ifig ujM)n living 
(Tcatures suited to 
their size 

The young croco 
dihi makes its way 
out t)t the shell by 
])erforating the 
hard substance at 
one end by the aid 
of a tooth which is 
specially developed 
in the early stages 
for this purpose. 

Tt may take the 


crocodile a couple ol hours to get free 
of the shell from the moment when 
it first attacks the inside. 

The crocodiles bear the nearest 
resemblance among living creatures 
to those monster reptiles that lived in 
prehistoric times ; in fact, their whole 
form has a very prehistoric appearance. 
They are of no commercial value, their 
skins being far too horny to be tanned 



Two baby crocodiles caught in the act ot 
emerging from their shells 


into useful leather. The so-called 
crocodile bide, which is used for making 
bags and other articles, is really the 
skin of the American alligator. 

Some African natives eat tl?e fiesii 
of the crocodile and also its eggs, 
but the number who thus make use* 
of it is not great, for its body is sup- 
posed to be the abode of evil spirits. 

The greatest enemy the crcKodile 
has is the ichneumon, a little animal of 
the size of the ferret, which eats its egj^s 

We often hear the expression 
•'crocodile’s tears." Mr. Morewood 
Dowsett tells us that the expression 
originated through the peculiar pro- 
vision of a third eyelid in addition to 
the upper and lower lids. “ T 1 is trans- 
parent blind or screen," he says, 
“ which is compost d of an extremely 
thin membrane, is drawn across the 
t^yeball of the crocodile and a special 
gland supplies a fluid which makes the 
eye wet." 

Few people .seized by a crocodile 
ever manage to escape, but Mungo 
Dark, the traveller, tells how his native 
.iltendant Isaaco had a, wonderful 
escape. He was attempting to drive 
six asses across a river when a crocodile 
rose and seizeti him by the left thigh It 
pulled him under 
w'aicr, but with 
wonderful pre- 
.sence of mind he 
thrust his finger 
mto the croco- 
dile’s eye, and this 
forced it to quit 
its hold. It re- 
turned to the 
charge, however, 
and seized the 
unfortunate man 
by the other, 
thigh, again 
pulling him under 
water. This time 
Isaaco thrust his 
fingers into both 
eyes w^ith such 
force that it left 
him and swam 
away. 





GIANTS OF THE ANIMAL WORLD AT REST 



In a land like England where the elephant is not found outside zootOficat gardens and circuses^ we rarely see it m anything but an 
upright position. It generally sleeps standing up. Yet the elephant li^i to lie down sometimes, and here we sec how curious it looks 
when resting on the ground. Although the elephant looks clunpi’ because of its size, it is not really clumsy in its movements 



Another giant animal which is not often seen lying down is the htimopotapius. This photograph, which was taken at Whtpsnade 
shows a hippopotamus which had been removed from the London Zoo lying down in a pool of rain water that had formed on the 
ground after a heavy etonn. In its natural home the animal, of course, spends the greater part of its time in the water of a river 
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HOW THE FROGBIT SURVIVES THE COLD 



The frogbit, one ol our native British water plants, has a curious method of surviving the cold weather of winter. This plant does 
not root itself in the earth but floats with its flat leaves lying on the surface of the water. When the flowering season is over it sends 
out runners under the water and on the end of each a winter bud forms as shown in the first picture. These buds are full of starch 
and other plant foods, and when the water begins to get cold, they detach themselve.s from the runners and fall to the warm mud below, 
as in the second picture. Here they live through the winter though the pond may be frozen over. Then when spring comes the buds 
undergo changes which make them lighter, they rise to the surface as in the third picture, and soon develop into new plants 


A FISH THAT LOOKS CAREFULLY AFTER ITS YOUNG 


W h do not 
usually 
think of 
fi.slu;s a.s being 
devoted parents, 
but tliere arc some 
that look after 
their young with 
<'is much care as a 
hen looks after her 
chickens The 
common stickle- 
back is one of 
these The father 
fish guards his 
growing young, 
and by gently 
moving his fins 
to and fro fans 
towards the nest 
in which tliey arc 
living a continu- 
ous stream of 
fresh water, so 
that hi.s offspring 
may have an ade- 
cjuate supply of 
oxygen If any- 
thing threatens 
lus family the 
father stickleback 
erects his spines 
and makes a fierce 
attiick on the foe. 

Another fish, 
the male of which 
is a devoted 



The male geophagus, a Brazilian fish, going for a trip in the water with his family 


paren , is known 
as th • geopliagus 
Alter the young 
fish are hatched 
oiu tJie father 
lollow's the little 
family about as 
they swim hither 
and thither in the 
same way as a 
hen follows her 
chickens. Should 
one of the young- 
sters venture too 
far away from tlie 
family, the parent 
at once darts after 
it, seizes it with 
his mouth and 
flings it back 
among the rest. 

It is perhaps 
remarkable that 
among fi.she.s, as 
well as among cer- 
tain of the am- 
phibians, it is the 
male in mo.st cases 
that cares for the 
off sj) ring. The 
mother, whom 
we should expect 
to show the 
greater solicitude, 
appears to take 
no interest of 
any kind. 
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MANY KINDS OF MACHINERY IN THE HOME 

Although we do not often think of it that way, machinery in used in the home as well as in the factory, 
and on this page we read of some of the more familiar kinds of domestic machinery, both simple and complex. 

No home, in fact, to-day is without machinery of some kind 


T o the average housewife machinery 
does not seem a very interesting 
subject. In the old days no girls 
or women at all had any interest what- 
ever in machinery ; but nowadays, 
when there are so many motor-cars 
driven by women, many girls take as 
intelligent an interest in machinery as 
men. 

When machinery is sj^okeii of people 
usually think of factories or railways 
or ships or motor-cars or aeroplanes, 
but there is a good deal of machinery 
in every honu*. This is obvious when 
wc remember that tlu; lever and the 
wedge and the screw and the pulley 
are all simple machines. No home 
touJ<l get on without th(?se. Tht? knife 
used for cutting is a double wedge, the 
pulley is used to pull up the clothes 
line, and evtiry time the housewife or 
maid stirs the fire 
she u.ses the pokier 
as a lever. 

But it is not 
only in this simple 
fcjrrri that nia 
chinery is used in 
tlie home, 'rhere 
are all sorts of ma 
chines in which the 
various mechanical 
principles arc us(‘d 
in a more or less 
complicated way. 

Perhaps one of the 
best known is the 
mangle or wringer, 
where we get the 
wheel and axle in 
play, the trans- 
mission of power by 
means of toothed 
wheels, and the 
changing of sp<x»d 
by gearing. 

rhen there is the 
sewing-machine, 
the working ol 
which has alrciidy 
been explained on 
page 766. This is 
really a very clever 
and ingenious 
machine, and is 
quite worthy to be 
compared with the 
more elaborate 
machines that arc 
used in factories. 

A machine of a 
smaller kind, but 
which is also very 
ingenious and a 
great saver of 


labour, is the egg-beater, in which not 
only great sjieod is obtained by means 
(jf gearing, but by means of bevclkul- 
toothed wheels there is a changt^ of 
direction, so that while the. handle is 
turned in a vertical plane the blades 
that boat up the egg are turned in a 
horiz<»ntal plane. 

A machin(' of a different type i>. the 
vacuum-cleancr, another ingenious 
adaptation of a scientific principle to 
labour-saving in the home. Hen.' by 
means of Ixdlow's or fan a vacuum is 
created and tlie dust and litter are 
drawn up into the appeiratus, or to put 
it more scientifically, they are tlrivcn 
up by the j>ressure of the air whiidi 
lu.slit's in to fill up the vacuum. 

riien then* an? the .scales which arc 
used for wciighing the goods. Tlu*se 
form a machine in the true sense of the 


w^ord, whether the ordinary scales with 
tws) pans an* used, or whether tin? form 
be that ot the spring balance. 

ICven in the old days machiu(?s were 
used in tlie home. The cooking jack 
which was wound u]) !ik(; a clock and 
turiKil 11i(‘ meat first in one direction 
hir several minutc*s and then reversed 
ami turm*d it in the other direction, was 
a very ingenious nnw hine. It is soine- 
liines used now, though not very often. 

It will be interesting to go through 
our home and make a list of machines 
both simple and (.omplex that arc to 
be loimd there. Among the simple 
machines we shall fimi levers and 
wedge.s in sm'.h things as knives and 
scissors and shears and pincers and 
nails. We sh.ill fintl the inclined plane 
in screws ol various kinds, and then we 
sliall find m or t c o m plica! e d 
machines I i k c 
those that have 
been named, the 
locks on the dex^rs 
and cuplxiards and 
drawers, t li e 
cisterns and ta}>s, 
and .so on. I'he 
list when complete 
will certainly 
sij rpri.se us. 

Most o t the 
machines in the 
home are of 
course? worked by 
hand power, but 
in the a c u u m 
cleaner we have 
electric power in 
use. 

Even in the old 
days the idea of 
using some powiT 
beside ordinary 
hand power was 
put into practice, 
as in the spit, on 
which the birds 
and moat were 
turned for roasting 
before the fire. 
The spit was in 
many cases worked 
by means of a 
little dog that kept 
running in a 
wheel, and instead 
ol making progress 
rotated the wheel. 
This wiis connected 
by a band with 
thi' spit, which it 
kept turning coii- 
timionsly 



Here arc two examples of machinery in the home On the left is an egg-beater with 
gear wheels which change slow motion into rapid, and also change its direction. On the 
right is ‘an electric vacuum- cleaner. The current from a plug in the wall rotates a fan 
and a rod with brushes. The brushes stir up the dust and the suction caused by the 
fan draws the dust up into a bag 





CAN YOU RECOGNIZE THE MANHOLES YOU 



Th« section above of the drawing shows the various services to 
a house. The stop cock is for turning off the main water sup- 
jJly when repairs have to be made to domestic taps or pipes. 
The drain to the main sewer passes through a ventilated trap 
to prevent sewer gas passing back through the drain and into 
the house. Also shown are the gas, electricity, and telephone 
servim leading to the house. Just beyond the pedestrian cros- 
sing is one of me kerb gratings through which rainwater from 
pavements and carriageways falls through piping to the sewer. 




Few of us walking along a busy street realise the complicated network of pipes and .cabk»i below our feet. Evetp drop of water^ 
every unit of ekctiicity, every cubic foot of gas, every telephone call, makes some part of its joumt^ underground, SimUarip; 
sewage and domestic waste leaidng our housee travel underground on their way for disposal. The only indkalion of what goes od 
under the street is provided by me metal plates, called manhole covers, let into the roadway and pavetneut. To most jpeopla 
one manhole cover is very much like another, but as the drawing and photographs on this page show, each khid of service has hg 
own distinctive type of cover. Without these underground sernees, life as we know h toitoy iu towns and their suburbs would 
be impossible. Indeed, a street of houses can be likwied to a human body, and the netwotk of pipes and cables can be conoqpared 
with the veins end arteries that suj^ly it with life. Consider, for examfm, water suppljy. From eme sudi souroe ai a tivetv 
the wafer is conveyed through pipes to a reservoir, usually on htgh ground, as in die diawi^, where it is Altered thiougb shooessive 











WALK OVER ON STREETS AND PAVEMENTS? 



Isjara oi fnm, tad, dMfc Tto ^Swimlltor^pw ^*3*18 Si*h«iiw Mid oOiM buUdingM Ttatd tta flipp'd “ 

nitlfi$ to tho voriout itroeti. From toe ^tLones kSchens. and other rooms using water. From the 

euited to tanks In the nurffc f« flushing the streets and «ie 

rtreet matos bnuKh eth« ^ ^ng *® S^rrtoe. ft^^Siks and other soaroes Uquid waste flw ttoough 

In toe rewse dtre^on we have MMvaffe works. At some sewage works the alStuent, 

S^s^pines to toe main sewer, through which it “ Uouid harmless. In toe drawing the artist 

Stte'Saste la caned, is tr^ with ^e.^ doS^^sJSS^r?^. bSt S^Ja^S^sewag. would be twated on 








THE OLD AND THE NEW SPINNING MACHINES 



VSThen Hargreaves made the machine shown above^ it was regarded as a great marvel, but what would he have thought if he could have 
seen a modern spinning machine as shown in this photograph ? It is as far in advance of the old machinery as that was in advimce 
of the hand-wheel. A moftern spinning machine is a mass of whirring spindles that turn at the rate of over eleven thousand revolutions 
a minute, but yet is based on the inventions of Hargreaves, Arkwright and Crompton of whom we read on pages io6l to ^065 
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GIANT ENGINES OF TWO RAILWAYS 



rhe photographs on this page give an interesting comparison of two fiii0 specimens of British and Canadian locomotives. The smaller of 
the engines is the '* Royal Scot " of the former London Midland and Scottish Railway. With its tender it weighs over xay tons. It it 
known as a 4 — 6—0, and its coupled wheels are 6 feeWP inches in diaiiMfter. The total length of engine and tender including the buffers 
is more than 63 feet. The boiler pressure is 250 pounds to the squir# inch and it carries 3,500 gallons of water and 5J tons of coal. 



We see in the upper photograph a front view of the Royal Scot beside one of the largest Canadian Pacific express engines, and here we 
•ee a tide view of the two engines. The photographs were tiUsen when the Royal Scot was making a tour of Canada and the United 
States in 1933. Canadian and American engines are much larger and heavier than British locomotives, but no engines in the world are 
so well finished as are British locomotives. In the United States the locomotives in some cases weigh, with their tenders, 350 tons. 
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A GREAT RANGE OF EXTINCT VOLCANOES 



Hier9 is a vi«w in Oi^sgon af the Cnsf^Ade Mountains, a great range ol extinot totcanoes that runs lor about 500, miles across the States Of 
Oregon and Washington into British Columbia. Some ol the loluost peaks are over 14,000 feet high, and theie am evidences throughout 
the range that here, in recent geological times, was a tong line of acthre eolciuioes. All the <^biel heighhi are ^ 

volcanic cones and many are covered with snow^ while on ethers the sndw which laUs In winter mostjly melts In lumtiier^ though i 
in depressions where it has settled in deep drifts It lies well into the summer months in large patchjes, as seen in the photi(|griuih| 
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THE WORK THE GLACIERS DO 

Glaciers arc great sculptors of the Ian Is over which they flow. While rain and wind tend to make land 
surface^ irregular and angular, the glaciers round off the irregularities and wear the surfaces smooth. We find 
this going on to-day in mountainous regions, and we find the results in lands like Great Britain where there used 
to be many glaciers but where they exist no longer. Here we read something about glaciers as eroding agents 


T HOSk rivers of ice known as gjaciers, 
which carry away the snow fallen 
on the mountain tops or in the 
frozen regions of the north and south, 
do an important work just as liquid 
rivers do. In the first place they level 
the ground over which they flow and 
in the second place they transport 
material as they go along, A glacier 
is indeed something like a continuous 
band-conveyor used in factories for 
carrying articles from one part of the 
building to another. 

The rocky bed down which the glacier 
flows so slowly was, at one time, rugged 
like the rest of the mountain, but as 
the hard ice has pas.sed over the rough 
surface it has either braken off pn> 
jecting points of bedrock or, if they 


were too strong to be broken off, it has 
gradually worn them do#n till the bed 
in which the glacier flows is very 
smooth. The rock at the sides of the 
glacier, too, is worn smooth by the 
travelling ice. 

It is, of course, not easy to see the 
bed of an existing glacier, but we know 
what happens by examining the dty 
bed over which a glacier flowed in 
bygone geological ages. The rock is 
worn smooth, and every h«‘Te anrl there 
we see scratches made by broken off 
rocks that were carried along at the 
bottom of the glacier and scraped the 
l>ed as they travelled. . We know this 
was the cause of the scratches, for they 
run all in one general direction. Some- 
times, of course, it is possible to creep 


in under the ice at the end of a glacier 
and examine its bed, and here tfie same 
thing is found as in the bed of a pre- 
historic glacier. 

It is not merely the ice that wears 
away the rocky bed. Rocky frag- 
ments that fall upon the glacier and 
tumble down crevasses often become 
frozen into the ice and they, too, are 
dragged along over the rock assi.sting 
in wearing it away, till it becomes 
quite smooth. In course of time this 
wearing dee})ens tlic valley or channel 
down which the glacier flowv I'he 
wearing is not uniform throughriut the 
course of the glacier, for at places the 
ice flows monj rapidly than at others, 
and in narrow channels the weight and 
pressure may be greater owing to the 



In this pkturie^dlftgrAm, #hieh shows a section through on Alpine glacier, we see how masses of rock, includit^ large boulders and 
small stonea> are carried down by the ice. Some of these materials are transported on the surface» some embedded in the ice, and some 
Mshed along on the bed of me glacier, wearing the rock smooth as it goes. In some cases large rocks protect the ice underneath 
from (lie ikm’s rays, which melt the ice all roimd till what is known as an ipo-table is formed. The amount of rock, stories and 
fiagam carried by a glajdier k enormous. One Alpine iflader at its outlet deposits 1^968 tons a day, and a glacier in 
Iceland is estimated to deposit every year 14,763,000 tons of solid matter 


1047 





WONDERS OF LAND AND WATER 


concentration of the i^lacier into anialler 
space. 

If we stand at the end of a glacier 
we shall notice that the water which 
conies from it is dark and muddy 
Where does the mud come from, that is 
the earthy material which makes the 
water dirty,'* We know the ice is clear, 
and if it was merely melted k'C that 
ix>ured away at the end of the glacier 
the water would be ciuite clear also. 
The solid matter in the water that 
makes it muddy is really the ground-up 
rock from the glacier's bed. and so 


glacier melts and, of course, as the ice 
becomes water the rocks and stones 
and boulders lying upon it sink down 
and form a heap which is known to 
scientists as a terminal moraine. In 
this way thousands of tons of rocks are 
carried many miles. 

In tiays gone by glaciers used to flow 
in England, and we can find the places 
by look'ing out for these terminal 
moraine.s a.s well as for the scratched 
or striated rocks. 

Glaciers to-day are among the 
powerful sculptors of the Earth’s face. 


another so that one or more faces are 
scratched. This explains why we 
sometimes find a group of boulders and 
smaller stones in England with the 
scratches due to glacier action in distant 
ages. 

It might be thought that the greater 
part of the material carried by a glacier 
consists of the moraines on its surface, 
but as a matter of fact more material 
is carried in the lower part than al)ove. 
This is called a ground moraine. There 
is the matter from the bed itself and 
the large quantity of matter that falls 



A great glacier on Mount Gr^pon, Switzerland, with its moraines or lines of rocky fragments fallen from the peaks above, and another 
lacier joining it from another valley. As can be seen, two lateral moraines have joined and formed a medial moraine 


in this way the glacier not only acts 
as a levelling agent, but it transports 
solid matter as it travels. The matter 
carried, however, is not merely the 
solid matter worn off the glacier’s bed, 
but large quantities of rocks, together 
with boulders that fall upon it from the 
mountains. 

We have already .seen on pages 382 
to 383 that this matter which falls 
along the sides of the glaciejr forms two 
lines of large or small fragments which 
are known as lateral moraines. Slowly 
but surely these are earned down the 
mountain and then, when the glacier 
meeis another glacier wh^re two valleys 
join, they become one and the inside 
lateral moraines form a large central 
moraine known as a medial moraine. 
Perliaps lower down still a third joins 
up and then there may be two medial 
moraines. 

Sooner or later, 1 however, the trans- 
ported rocks reach the place whore the 


While a glacier does not travel with the 
rushing force of a river, it is powerful 
because the ice freezes to the soil 
over which it passes and anything that 
is at all loose must travel with the ice 
because it is gripped so tightly. All 
loose dfjbris, therefore, falling through 
the crcvasse.s or broken off from the 
rocky bed, must inevitably go down 
with the glacier. Sometimes, if part 
of the bed of the glacier is made of 
softer rock than other parts, there will 
be not merely scratches made by the 
transported stones at the liottom of the 
ice, but great grooves. These are made 
by the larger boulders and rocks that 
fall through the crevasses or are broken 
oil the bed. 

The finer matter at the bottom of 
the ice simply polishes the rock. Not 
only is the bed of the glacier striated 
or scratched, but the transported rocks 
themselves, as the glacier changes 
direction, are rubbeo against one 
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down through the crevasses. The 
mountains above the glacier are con- 
stantly being weathered, so that frag- 
ments are falling all the time and, of 
course, then.* arc avalanches that bring 
large quantities down together. 

The material that is left by the 
glacier after it melts is called by 
scientists glacial drift. The lateral 
moraines which are left when a valley 
glacier has disappeared altogether are 
often of huge size, sometimes hundreds 
of feet high and occasionally a thousand 
feet or more. In the north of Italy 
there is a lateral moraine which is 
about 2,000 feet high. It was made 
by a giant glacier that used to move 
down from the Alps in a past age when 
the climate of Southern Europe was 
much colder than it is to-day. When 
a glacier in its course receives many 
side branches its whole surface may be 
practically covered with debris from 
one side to tbe other. 




IF THE GULF STREAM CHANGED ITS COURSE 
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HOW THE CLIFFS OF DOVER WERE FORMED 



Millions of ye«rs i^o that part of England whero we now see the South Downs and the cliffs of Dover was under water. The sea 
had dissolved in it many minerals, and there were living in it myriads of tiny creatures that were like little specks of jelly. These 
creatures lived near the surface where the water was warn^ and they had the pimer of extracting calcium carbonate from the water 
and making from it tiny shells to live in. Then, when they died, the shells would sink through the water and lie on the bed of the sea 



The little creatures have been given the name of foraminifera, from two Latin words which mean ** I bear and ** an opening.*' 
This is because their tiny shelto contain many holes. The shells of the foraminifera are so small that it would take a million to 
form one cubic inch, and we can see what the;r are like only by looking at them through a microscope. There were so many billions 
of them constantly falling on the sea-bed that in the course of centuries there was quite a thick layer. Other creatures like sea-urchins 
also died and fell to the bottom among the foraminifera. At the bottom of this picture we see foraminifera shells highly magnified 



Layer alter layer was deposited, and the weight became so enonnous that the vast coHections of tiny shells were squeesed inro hard , 
masses. Then as the Bitfth cooled and its crust wrinkled the sea^bed was raiM aboye the surface of the sea, and formed what we 
now call chalk. The chHs of Dover are part of the old sea-bed, and If we look at a piece through a tnkrosciHW wecan see the mmute 
shells of what were once living creatures. Similar creatures now live near the surface of me Atlantic Ocean and as $iey dte and fail to the , 
bottom their mnains form similar layers which may one day he raised up and fortn tto chalk htht and cliffs af l^e litture woifd 
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Wonders oF Animal ^Plant Life 



THE MARVELLOUS PUMP IN YOUR BODY 

If our blood did not circulate in our bodies we could not live, and it is the heart that acts as a pump and drives 
the blood to every part of the body. It is the most wonderful pump in the world, for it drives the blood at 
such a rate that it travels through arteries, capillaries and veins back to the heart again in H\ seconds. Here 
are some interesting facts about the heart and its great work 



W E all know the wonderful system 
by which the water is laid on 
to our houses. The water 
supply is produced by the action of 
the Sim and the wind, but it would be 
of little use if there were not some 
efheient method of circulating it to 
the places where it is wanted. 

In order that tliis can be done there 
must be a central pumping station 
with powerful pumps driving the water 
through large water mains, and from 
them into lesser mains and finally 
through narrow pipes to the taps in ouV 
sculleries and bathrooms. 

If any thing goes wrong 
with the pumps the circu- 
lation of the water is inter- 
fered with, the supply is 
cut off, and we know that 
without water it is impos- 
sible for us to live. 

The Pump and the Pipes 

Now just" as the life- 
giving water supply of a 
town or city is driven 
through an intricate maze 
of pipes by means of a 
central pumping station, 

HO in our bodies the life- 
giving stream of blood is 
circulated to all parts 
through a maze of pipes 
varying in diameter, by a 
c o n t r a 1 pump of groat 
power. This jiuinp is called 
the heart, and tiie pipes 
through which the blood is 
driven are known as 
arteries, veins and capill- 
aries. 

It is a marvellous system 
The heart is the most effi- 
cient pump for its size that 
has ever been known, and 
it gees On working day and 
night, week after week, and 
year after year, all our 
lives. Unless accident or 
disease causes trouble, the 
pump never fails. And yet 
now rarely we ever think 
of the wonderful pumping 
and circulating system 
which we carry alx>ut with us inside 
our bodies. 

We have already learnt on pages i2i 
to 125 something about the important 
work which the blood does in carrying 
food and oxygen to all parts of our 
body and keeping the temperature of 
the oody even, but it was not till the 
early wrt of the seventeenth century 
that the great discovery was made of 


the circulation of the blood through 
the body The man to whom the world 
is indebted for this great discovery was 
a famous English doctor named William 
Harvey, who was bom at Folkestone, 
and educated at Camliridge University. 
By his discovery he laid the foundation 
of the motlcrn science of physiology. 

It is difficult for us to-<lay to realise 
how mysterious the action of the 
blood seemed to the ciirly anatomists, 
before they knew the fact of its circu- 
lation. Harvey made many experi- 
ments with snakes, frqgs, fi.shes, and 


B/ood 


Blood 
entering 
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The heart is a pump, and in veiy simplified diagram we see 
how the blood passes from the veihs into the chamber known as the 
auricle and thence through valves into the chamber known as the 
ventricle, from which through furtlier valves it passes into the aorta, 
or great artery, and to the smallef; arteries. Actually in its passage 
It is purifi^ in the lungs, as sh^n in the picture on page 105a 


other animals, before he arrived at the 
great truth, and even he could not 
discover bow the blood, after going 
through the arteries, reached the 
various tissues of the body and even- 
tually returned through the veins. 
That discovery was made about half 
a century later, by an Italian anatomist 
named Marcello Malpighi, but it was 
Harvey who took the first step 
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Before considering the wonderful 
system of pipes laid in all parts of the 
body, let us learn something about the 
pump that drives the blood. Tlie 
heart is a reddish organ in the form of 
a blunt, hollow cone, about the size 
ol its owner's closed fi.st, iind in a 
grown-up person it weighs only about 
nine ounces The n})per part of the 
heart, where the great blood-vessels 
join it, i.s broad and although it is at 
the top it is calleil tin* base of the 
heart. The lower end or apex lies a 
little towards the left side of the body. 
Most people think of their 
heart as a solid lum]) ot 
flesh, but it is not like that, 
at all It is hollow, and 
there are four chambers, 
the heart being dividcil 
down its length into two 
halves, right and U‘ft, 
each of IJicse halves being 
again divided transversely 
into two. m a king four 
chambers in all 

A Triple Covering 

There are three coats to 
the heart. The fir.sl is an 
outer fibrous coat which 
doctors call the penear- 
dium, a word from the 
Greek which simply means 
" round the heart." This 
consists of two layers, the 
inner layer being in con- 
tact with the heart itself 
and the outer layer being 
connected to the ti.ssue all 
round. 

The middle coat of the . 
heart, which in a strong 
man varies from a quarter 
of an inch to an inch in 
thickness, is made up of 
muscles and foniis the chief 
substance of the heart itself 
The inner coal is a thin 
pliable lining. 

It is the muscles of the 
middle lining controlled by 
certain nerves from the 
brain that form the pump- 
ing apparatiLS of the heart. 
Indeed, th< heart is really a hollow 
muscle containing four chambers. 
These four cavities have special names. 
The upper chambers are known as the 
right and left auricles, so called Ijecause 
they are supposed to resemble in shape 
the auricle or external ear. The lower 
chambers are known as the right and 
left ventricles, so called because they 
are in shape like the ventricle or 
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alKlomcn, the cavity ot the bociy which 
contains the stomach and other organs. 

From the left ventricle there leads 
out a great pipe or artery callecl the 
aorta Tlie mimv comes from a Greek 
word meaniiig " to lift or heave/' and 
it is given because the blood is lifted 
through this pipe 

The great pipe or aorta is like the 
big water main leading from the 
watci works of a town, and 
branching from it are a number 
of smaller pipes leading to the 
head, arms, legs, and dilferent 
organs of the body. Each ot 
these smaller pipes or branch 
a r t e r i cs has still smaller 
branches, and at last these lead 
into very tiny pipes or blooil 
vessels called capillaries, whicli 
arc laid in the tissue of practi- 
cally every part of the body, 
just as the small lead water 
pipes are carried into the difl- 
erent parts of all our houses 

Those capillaries are so small 
that they cannot be seen except 
through a microscope and it 
would take from 1.500 to 3.000 
laid side by side to make ;in inch. 

Some; of course, are smaller than 
others. Yet although they arc 
so tiny the capillaries altogether 
hold 500 times as much blexjd as 
the whole of the arteries in our 
bodies 

The Blood’s Double Journey 

The only parts of the body 
from which they are absent arc 
the outer skin, certain layers of 
the inside membranes, the nails 
and hair, the substance of which 
our teeth are made, and the 
transparent coat of the eye 
known as the cornea. 

The blood passes from the 
heart through the aorta and 
arteries to the capillaries, and 
then from those little tubes it 
passes into larger and larger 
pipes similar to the arteries, but 
known as veins, and eventually 
reaches a very large tube or vein 
known as the vena cava, or 
cave-hke vein, returning thence 
into the right auricle, 

Thi.s gives a rough idea ot 
how the blood circulates through 
our bodv, but it is not the whole 
story. When the bkxid is pumped 
out through the aorta into the 
arteries, the red corpuscles are 
loaded with oxygen and when 
the blood comes back through 
the vena cava it has little or no 
oxygen and is loaded with im- 
purities which it has collected 
on its journey. Before it sets out 
again on its voyage through the body 
tlic red corpuscles nnist be loaded up 
with oxygen, and this is done in the 
lungs. 

Now let us follow the course of a 
imrticular portion of the blood. The 
right auricle receives the blood that 
has come back through the capillaries 
from all parts of the body except the 


corner, tlie blood is brought very close 
to the air-.sac:s, and while the red 
corpu.scles collect oxygen from tlie air 
in the sacs the blood also gives up the 
impurities it has collected on its return 
to the heart. It is because of this that 
the lungs have been described as a 
kind of {x>rt which imports pure oxygen 
and exports useles.s substances. 

The blood pumped into the 
lungs was dark in colour, be- 
cause of its impurities, but now 
that these have been removed 
and a fresh supply of oxygen 
has been taken in, the blood 
is once more bright red and is 
ready to start off on its journey 
through the body. 

From the lungs it pa.sses 
through a large vein called the 
pulmonary or lung vein into 
tliC left auricle and then through 
valves into the left ventricle. 
Once more the muscular walls 
or pump contract and the blood 
is forced or pumped into the 
aorta or largest artery in the 
body. The constant pumping 
of the left ventricle drives the 
blood from the aorta into the 
various arteries and into the 
capillaries, till it returns 
through the veins to the vena 
cava, and the whole process is 
repeated again and again. 

One Way Traffic 

Valves at various places 
prevent the blocxi going the 
wrong way, so that the circula- 
tion is kept always in the same 
direction. It is a marvellous sys- 
tem, and in another j>art of this 
lK)ok we read some interesting 
things about the rate at which 
the blowl travels through our 
bodies, and the actual amount 
of work that the heart does. 

The ventricles have much 
more and harder work to do 
than the auricles. All the 
auricles have to do is to fill the 
ventricles, which offer no resis- 
tance to that process, and so 
while valves are needed between 
the auricles and ventriclc.s, none 
is required between the auricles 
and the veins. The auricle 
walls are thinner than those of 
the ventricle.s. 

Seeing how imi^^rtant the 
work of* the heart is and how 
dependent we are for life and 
health upon its continuing to do 
its duty, we can well understand 
what a blessing it is to have a 
healthy heart and how we should 
endeavour in every way to keep 
our heart healthy. If the pump goes 
wrong the supply of blood on which our 
life depends must fail or be impaired. 
Then our health suffers. 

When young people indulge in cigar- 
ette smoking, and indeed when older 
people smoke to excess, or when they 
take much alcohol, they are damaging 
the heart. It cannot beat properly or 
d") its work ^ it should. 
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In this diagram we sac in simple form how the blood circulates 
through the body and is purifii^ in the lungs. We are supposed 
to be looking at the heart and blood vessels of a person who is 
facing us. As it comes from the lungs loaded with oxygen and 
freed of Impurities, the blood enters the chamber known as the 
left auricle, from which it passes into the left ventricle and is 
pumped through the arteries to all parts of the body. Then it 
passes through the very small blood vessels called capillaries 
and into the veins. By this time it has lost its oxygen, and is 
loaded with carbon-dioxide gas. It passes through the vena 
cava or large vein into the right auricle, and thence into the right 
ventricle, from which it is pumped to the lungs. In the lungs 
the carbon-dioxide is replaced by oxygen, and the purified blood 
now starts on its round once more 

right auricle. As soon as the ventricle 
is full of blood its > muscular sides 
squeeze together and the blood is 
pumped or pressed through another 
set of vsUves into an artery leading to 
the lungs. This artery is known as the 
pulmonary or lung artery. 

In the lungs, which are like bags 
filled with six)ngy material, so that 
air can get from the windpipe to every 


Jungs. The impurities which it has 
coller.ted must l>e removed and it must 
be given a supply of oxygen. How is 
this done ? Well, it flows from the 
right auricle through little trap-doors 
into the right ventricle. 

The trap doors or valves open only 
one way, so that the blood cannot 
return from the right ventricle into the 


Lungs, where carbon 
' — jdfoxide in 
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In this picture we see how the fish that Uve in the sm are caught ^ ra«^aW°caught b?‘‘meL^f’'a 

swim in the upper layera of water, such f* ^t’<^o and often hundreds of feet long, and it is kept floating about 

shown in tho upper part of the picture. The ThS^herrinirs or other fish which swim in shoals are intercepted and caught 

nine feet below the surface of the sea by means ®f water iuch M the cod, plaice, turbot, whiting, sole, haddock, 

by their gills in the net and are thus *®*^*P^' ^*1,*]*^ Ijj* * ,j,o5^i hi tL’ bottom of the pii^re. The mouth of the net is kept 

!S M ™ Ibh - a ...,1. 
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THE LIVELY HEDGEHOG AND ITS ARMAMENT 


T he most curious of all our Hiitish 
wild animals is undoubtedly the 
hedgehog, and it could not be 
mistaken for any other. No V)ther 
tiative animal has such a strange means 
of defence, and if we come upon a 
hedgehog on its travels during the dusk 
of the evening wc have only to touch 
it to see how well it defends itself. 

It docs this on the same principle as 
the Austrian soldiers, at the battle of 
Sempach in 1386, defended themsjelves 
from the Swiss. They prcscmled a 
bristling array of lances in all direc- 
tions, so that the Swiss could not break 
through their line, and it will be re- 
membered that Arnold de 
Winkelried broke the line by 
throwing himself upon the 
si)ears and bearing them 
down, thus by his death 
making an opening in the 
defence. 

Well, the hedgehog at the 
approach of an enemy rolls 
itself up into a ball and the 
sharp spines with which its 
lx>dy is covered stick out in 
all directions, so that any foe 
touching it is pricked by the 
sharp ^ints. Further," the 
hedgehog vibrates the spines 
every moment, which makes 
them seem more formidable. 

A Cure for Cookroaohos 

The hedgehog is a little 
animal, about ten inches long, 
and weighs about a pc>und 
and a half. It has shoit legs 
and a pig-Ukc snout. Its 
chief focxl consists of worms, 
slugs, snails and insects, and 
a kitchen infested with cock- 
roaches will soon be cleared 
if a hedgehog be kept there. 

It is curiou.s that a number of 
people su0ering from the 
cockroach pest in their homes, 
instead of obtaining a hedge- 
hog. buy a tortoise*, which 
can be no good at all, fis it 
is a rigid vegetarian. But the 
hedgehog's diet is entirely 
animal ; and GillKirt A\Tiite, 
accurate as he was in mo.st of 
his observations, slipix?d when 
he endowed the hedgehog 
with vegetarian tastes. 

It used to be said that the 
hedgehog climbed fruit trees 
and carried off the fruit by impaling it 
on its ^ines, dropping to the ground 
and sufEering no harm as the spines, 
by their elasticity, broke its fall. It is 
true that the spines serve this useful 
purpose of protecting the hedgehog if 
It falls from a height, but the animat 
('.crtainly never climbs a tree for the 
fruit, which it never eats. 

The hedgehog is a nocturnal animal, 
and remains in hiding during the day. 
It will sometimes raid a hen-house for 
the eggs, but in a market garden it does 
good service by devouring harmful 
in.sects. It also has a taste for mice 
and young rats, and is believed occa- 
sionaliy to take baby rabbits. 


The hedgehog pairs for life, and a 
family of from five to seven little 
animals appears early in August in the 
nost. which is made of dead leaves. 
When first born the little hedgehogs are 
blind, and the spines are both white and 
soft, but they soon get hard and become 
grey in colour. 

I 3 y its prickly weapons the hedgehog 
can keep off most enemies, including 
even dogs, but the fox is said to make 
it unbend by pushing it into the water. 

The hedgehog, strange as it may 
seem, is able to kill grass-snakes and 
adders. I>r. Buckland tells us how this 
is done. He suspected that hedgehogs, 



female hedgehog with its family of young ones 


occasionally at least, preyed on snakes, 
and so he obtained a pass-snake and 
a hedgehog and put them into a box 
together. Whether or not the snake 
recopised its enemy was not apparent, 
but ft did not dart from the hedgehog, 
but k^t creeping gently round the 
box. The hedgehog was rolled up and 
did not appear to see the snake. 

Dr. Buckland then laid the hedgehog 
on the snake, with that part of the ball 
where the he^ and tail met downwards, 
and toucliing the reptile. The snake 
proceeded to crawl. Then the hedge- 
nog opened slightly and, seeing what 
was under it, gave the snake a hird bite 
and instantly rolled itself up again. 


it soon opened a second and them a 
third time, repeating the bite, and at 
the third bite the back of the snake 
was broken. 

This done, the hedgehog stood by the 
snake's side and, passing the whole 
body succeasively through its jaws, 
cracked it and broke the bones at 
intervals of half an inch or more, by 
which operation the snake was rendered 
motionless. The hedgehog then placed 
itself at the tip of the snake's tail and 
began to eat upwards as one would eat 
a radish, without intermission, but 
slowly, till half the snake was devoured. 
The following morning the remaining 
half was similarly eaten up. 

The fiosh of the hedgehog 
provides excellent food, and 
it is eaten in many parts ol 
the Continent, and also by 
gipsies in England. 

The voice of tlie animal, 
which is rarely heard, is a 
queer sort of sound between 
a grunt and a piping squeak. 
Shakespeare refers to this in 
one of the witch serenes in 
“ Macbeth," where he says : 
“ Thrice and once the hedge- 
pig whined." 

The Fallen Nestling 

Some time ago a gentle- 
man was passing under a 
rookery when he was at- 
tracted by a young rook on 
the ground, which had fallen 
from its nest befom it could 
fiy, and was making a great 
noise, squawking lustily* He 
went to the sj^t, and was 
astoni.shed to see a hedgehog 
which had .seized the bird 
by the back and wa.s worry- 
ing it. No doubt it would 
soon have finished off the 
young rook had not the 
gentleman rescued tht? bird 
and driven off the hedgehog. 

These animals can move 
very rapidly. 

One moment they will be 
rolled up into a ball, and a 
moment later will have 
darted like lightning up the 
garden path. They are also 
good climbers, and can even 
climb up the leg of a kitchen 
table or an almost perpen- 
dicular wall. 

It has long been said that at night 
the hedgehog goes up to cows lying in 
the fields and sucks the milk frotn them. 
Many excellent authorities maintain 
this stoutly, while others deny it with 
equal emphasis. The truth or other- 
wise is still unsettled, but it is quite 
possible that what happens is that the 
hedgehog merely goes up and laps up 
milk which has cosed from a cow 
needing milking. 

If you come across one hedgehog 
you are pretty sure to find another, for. 
they live in pairs all the yw round. 
Early summer is the time to search lor 
the nest which is made ol grass, mosii 
and leaves. 


WHY A TREE SHEDS ITS LEAVES IN WINTER 
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AN ARCTIC SCENE IN AN ENGLISH SUMMER 



One would hardly think, in looking at this picture, that it r^resents a scene in England during the warm weather. Yet such is the 
case. The photograph was taken at the Cambridge Low Temperature Research Station, where men of science carry out all sorts 
of experiments in connection with the preservation of foodstuffs, animal and vegetable, by refrigeration. So cold is the temperature 
in these research chambers that the scientists have to wear Arctic clothing such as explorers would wear on a trip to the North or South 
Pole. The intensely low temperatures required are obtained in the way shown on pages 624 and 625 of this book. Some substance like 
ammonia or carbon-dioxide gas is compressed and in the process it takes up a good deal of heat. Then the warm compressed gas is 
cooled by passing through pipes over which cold water is flowing. It is then allowed to expand, and in doing so gives up much more heat 
so that it becomes intensely cold and then Uquehes and runs through pipes in the refrigerating chambers. The very great cold it produces 
can be realised by the frozen moisture on the outside of the pipes in the room shown in the photograph. Even where these pipes containing 
the cold fluid run through a warm engine*room so cold are they that they become covert with aitificial ice and snow in the warm room 
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ATOMS NOW WORK IN OVERALLS 

As we read in this article, there are many applications of atomic science that have nothing to do with 
the atomic bomb. Indeed, the peaceful applications of the atom now greatly outnumber its military 
uses, and the results of nuclear fission have come to play an increasingly important part in the everyday 

work of the world. 


S cientists at Michigan University, 
U.S. A., have discovered a way to 
preserve food by treating it with 
atomic rays. The rays exert a preserva- 
tive action by destroying the bacteria 
responsible for decay and putrefaction, 
and will eventually save millions of 
fxiunds a year now lost through food- 
stuffs that go bad. 

Prestifving food is only one of the 
many applications of atomic .science 
which remind us that nuclear fissicm is 
something more than Ixjing the most 
destructive weap<JU of war. Indeed, 
the peaceful applications of the atom 
now far outnumber its military uses. 

(>on.sider, for example, the phenomena 
of isoto|:>es, the use of which has l>ecome 
a commonplace of many industrial and 
engineering processes. First, however, 
a word as to what isotopes are, and the 
peculiar properties that render them 
of such service to the engineer and 
manufacturer 

Unstable Elements 

Besides the ordinary stable chemical 
elements contained in every substance 
ill the earth and in the universe, there 
exist certain other elements which, 
being in a constant state of motion, 
break up and release various forms of 
radiation in the Same way as does 
radium These .unstable elements are 
called radioactive is<?tof)cs, and they 
difier from the stable elements only 
by theirpr ojxsrty of radiation; otherwise 
their chemical behaviour is identical. 

Even the most minute quantity of a 
radioactive element such as radium 
will betray its presence for many years 
when mixed with something else. The 
quantity may l:>e as little as a millionth 
of a gramme in many millions of 
gallons of water ; but the presence of 
radioactivity will always be revealed 
by means of a suitable detector 
An example is provided by the 
luminoirs dial of a watch. Although 
the radium mixed with paint is only 
one part mixed with many millions of 
parts of paint, it betrays its presence by 
causing the paint to glow in the dark. 

Unfortunately, radium, even in the 
very tiny quantities necessary to make 
a paint luminous, is far too scarce and 
expensive for general industrial applica- 
tion. Moreover, there are many applica- 
tions where a permanent glow such as 
that from luminous paint would be 
most undesirable. 


Consequent upon the work that 
resulted in the atomic bomb, it 
found that a numlier of the stable or 
non-radiating chemical elements can 
1)0 made radioactive by so treating 
them in a nuclear pile that their 
atomic balance of electrons and protons 
is thrown out of balance. 

In other words, the element has 
been given a difference of electrical 
potential and generates an electrical 
current in the form of radiation ; 
that is, it becomes to all intents an 
invisible broadca.sting station. 

Actually, an unstable element is one 
in the proces.s of disintegration, or 
breaking up and turning into something 
else, and it is the process of disintegra- 
tion that causes it to dmit radiation. 
Thus the radiation from radium is due 
to that unstable element being in the 
process of turning lead, which is 
a stable element. J 

Radiations produce|f|by radioactive 
elements may be of thiM i kinds ; alpha 
particles, which are ^ publy charged 
nuclei of helium ; bdl^^ particles, which 
are fast moving eleci||b^ i : ^nd gamma 
rays, which are eU)C^i^ rtagnetic radia- 
tions similar to ;ys but more 
{xmetrating. Beta pjpfit 3 es and gamma 
rays, are the radiati^«i( iiefly produced 
by artificial! y-indujspl | adioactivc ele- 
ments, or, as they|i|»i ailed, isob>pes. 

All these radiatifH, fio matter how 
small their concc^tm^n, are easily 
detected by speciil ^qijording in.stru- 
ments, such as Geige^ counters. 

One of the most nofel use.s of isotopes 
was recently made ;Sn the north of 
England where it was thought that a 
lake holding some mi||ions of gallons of 
water might be leakit^ into a coalmine. 

To make certain, ^however, a kilo- 
gramme of .salt containing radioactive 
sodium was thrown into the lake, and 
a detector placed biside the .spot in 
the mine where water was seeping in. 
When the water leaking through showed 
traces of sodium it was proved beyond 
doubt that the lake was gradually 
seeping into the mine. 

In the textile industry it is essential 
that a uniform coating of oil should be 
applied to fibres before they ore woven. 
The amount of oil necessary is extremely 
small, about one-millionth of ft gram per 
inch of fibre, but if the oil coating is 
uneven, weaving will be fja-ulty,, while 
the finished fabric will have a ^tchy 
appearance when it is dyed. 


Hitherto, the only method ol measur- 
ing the amount of oil on the fibre has 
l)een to take the average coating on 
several inches of fibre. This, however, 
giv'e^ no guarantee that the oil is 
evenly coated over the fibres. 

Nt)w it is possil)le to add a ininufe 
quantity of a rad inactivated element 
called ethylene dibrotnide to the oil 
before it is applied to the fibres. The 
activated oil is tlien coated on the 
fibres, and the fibres stretched over a 
revolving drum covered with a photo 
grapihic emulsion. 

This results in a radiograph which 
gives a true indication ot the thickness 
of the oil over as little as one-hundrodth 
of an inch of filire. The trace element 
or isotojxj reveals its presence wfiercver 
the most microscopic drop of oil has 
adhered to the fibre. 

Similar application of isotopt^s to oil 
are used in ri'fineries where purified 
oil is piped through a single pipe 
system for filling into containers accord- 
ing to quality. Where the pipelines 
are of considerable length, the change 
of grade at the sending end of the 
system will’ reach the receiving end 
after the lapse of some time 

Sampling Oil 

Unless a long and complicated 
chemical sampling programme is carried 
out as the oil flows from the pipe, it 
impossible to determine exactly when 
the change-over to the containers 
should be effected. But by injet:ting a 
.suitable isotope as the fir.st of the new 
grade of oil is pumped in, the front tit 
the new grade is effectively labelled. 
A detector at the receiving end.ol the 
pipelines then immediately indicates 
the presence of the isotopes when the 
front of the new grade of oil arrives. 

Beta radiatit):: is e.\tcn.sively used 
for automatically testing the thickness« 
of films made from various materials. 
A trace element is incorporated in the 
material from which the film is being 
made and a fjeam of beta particles is. 
then projected through the film. 

Any thickened portions of the film 
blocks a certain number of the particle.s>, 
and a detector will then record the 
number of particles so blocked ; the 
thicker the material, the greater is 
the number of particles .stopped. 

Electronic engineers have linked 
the detector with a brake which 
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MARVELS OF CHEMISTRY AND PHYSICS 


aulomaticany stops th<‘ manufacturing absorbed into the structure of the alloy, square feet, and through this ionized 
machine when the conc entration of Equally striking has been the use of air the static charge will leak harmlessly 

l)eta particles, and therefore the isotopes to prevent fire due to ac* to earth. 

thickntvss ol the hbre. exceeds a certain cumulated static electricity. In certain Finally, isotopes have solved one of 
fixed limit, machinery, particularly mechanical con- the most time-wasting difficulties in 

Some typiN of film are made to such veyors, moving belts of insulating surveying. When making surveys it is 

fine degrees of thickiuiss that there is material pick up large quantities of frequently necessary to drive marking 

no median ical measuring instrument static electricity as they pass over stakes into the ground for future 

capable of detec ting small but im- metal or insulating rollers. reference, and if the survey is being 

porta nt variations. hailure to get rid of the static made over farmland the stakes must 

l.sotojM‘s have bcjen equally successful ck*ctricity can result in the building- be driven several indies below ground 

in deterimning how the various metals up of a current until it generate.s a level to prevent their interfering with 

r(un|>osnig an alloy are distributed. spark which may ignite any inflam- ploughing or injuring cattle. 

Thus, in the case of phosphor-bronze niable vapours or liquids in the vicinity. Consequently when the marking 

it IS essential that the phosphor shall Hitherto the accepted method of stakes are again required it may entail 

lx‘ absoliitdv uniformly distributed getting rid of static electricity has lx‘en a new survey to locate their approximate 

throughout the bronze if the alloy is to conduct it to e.arth by various dis* position, and an area of several feet in 

to have the correct properties of charging devices, but these are costly duirnetcr must be dug to find them, 

strength and wear. to install and maintain, and are liable Many surveyors now fix into the top 

Before the alloy is meltc*d and cast to break down. of their stakes a disc of metal containing 

into ingots, a radioactive i.sotope is If, however, a radioactive isotope an isotope trace. This isotope can then 

introduced into the phosphorus, \Vlu;n such as thallium or trontium is placed be delected by a Geiger counter many 

the ingot has cooled, an X-ray photo- close to the source of .static charges, a years after the stake has been driven 

graph is taken, and from this it is stream of beta particles will be emitted, into the ground, and despite the fact 

])ossible to determine whether or not The beta jiarticles have the effect of that it may be covered with several feet 

flic phosphorus has been correctly ionizing the air over an area of several of earth or vcgetatifui. 



This photograph shows part of Uia atomic pile at the British Atomic Energy Research Establishment at Harwell, Berkshire. 
The pila is in the production of some of the industrial isotopes described in the article on this and the previous page. 
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A diving bell ie a steel chamber with electric light and telephone^ and with an air-line through which compressed air can be pumped 
from a barge above. Here a block of granite is being laid for a pier foundation. Each block is suspended from a chain inside the 
bell which is then let down by a crane, the men inside directing the block to the correct position. The air pressure In the bell must 
be e<|ual to the water pressure outside, otherwise the water would rise. This diving bell is supposed to be 34 feet down where the pressure 
is equal to two atmospheres. Some diving bells have an air-lock for tiie med to pass through and get used to the pressure. Tradition 
says that Roger Bacon invented the diving beU in the 13th century, but the earliest authentic record is of one in Spain in 1538 
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EXPERIMENTS IN THE SCIENCE OF SOUND 


T Hi'-Kh aru many simple experi 
niurits which l an he carried out 
without special apparatus, and 
which helf) us to understand the 
>ej(*nce of sound. 

If we lake an ordinary wineglass and, 
holding it ligldly hy the base, Hick the 
top ol the glass with our linger, we 
shall hear a holMike sound, d'his is 
due to the hid that bv liieking th(* 



Setting a glass vibrating 


glass sharply with our finger-nail we 
liavo set it vibrating very rapidly. 
The vibrations set up waves in the air 
.ind these striking upon the drums of 
our ears sc*nd a message to our brain 
which we interpret as sound. 

We can carry out another interesting 
sound experiment by usimt two glasses 



A wire «et dancing by sound waves 


which are alike. We put water into 
them to a depth of about one quarter, 
We then flick them as before to get a 
note. If the note varies in the ca.se of 
the two glasses we put a little more 
water into one till we have brought 
their notes to the same pitch. 

Now when the glasses are in time 
with one another we lay a thin piece of 
wire with the ends bent across the top 


of one glass. J1 we now flick the glass 
without the wire, or run our moistened 
linger round the rim, we shall set it 
vibrating, .so that it gives a musical 
note, and what seems very .strange, the 



The hands used as a megaphone 


wire on the other glass will begin to 
dance up and down. 

The explanation is that the two 
gla.s.ses being in func, when one is .set 
vibrating tlie other also vibrates in 
.sympathy, and it is the vibrations ol 
the glass that cause the wire lai<l across 
it to dance. 

We know that il we want to make a 
person at a di.stance hear what wo say 
when we call aloud to him wo place* ou'i 
hands one on each side of our mouth 
When wt^ do this we.^ are really carry- 
ing out a scientific experiment, foi by 
placing our hands so as to form a kind 
of funnel w'c prevent the sound waves 
from being dissipated at the sides and 
our voice will carry farther. Our hands, 
in fact, form a kind of megaphone. 

How .sound waves become dissi 
pated when there is nothing to prevent 
them spnjading can be shown by the 



A miniature motor<^hom 


experiment of ringing a bell in a garden 
and then the same rxsll in a room. It 
sounds much louder, in the room, 
because the sound waves instead of 
spreading out indefinitely are reflected 


backwards and forwards by the walls, 
floor and ceiling of the room. 

Here is an interesting sound experi- 
ment which can lie carried out with a 
little apparatus that any boy or girl 
can make. We take a tin cylinder, such 
as the body of a tin canister, with the 
bottom removed, and over the top we 
.stretch a piece of parchment or grease- 
proof paper, tviug it round tightly to 


1 



Sound waves dissipated in the open air 


keep it in i>o.sition. Wo then fasten a 
string to the middle of the parchment, 
passing il through a bole and making a 
knot on the other side to prevcuit it 
from slipping out. 

Now, with a little resin on our 
fingers, we draw them along the string. 
There is a surprisingly loud noi.so, 



Sound waves reflected in a room 


.something like that of a small motor 
horn. What happens is that our resined 
fingers, pulled along the tightened 
string in little jerks, set the parchment 
vibrating and the tin acts as a resonator. 
The reason for putting resin on our 
fingers is to increase the friction l>e- 
tween them and the string. Without it 
our fingers would slip too easily over 
the string and cause little vibration. 
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THE GREATEST REVOLUTION OF ALL 

Here U the story of the greatest of all revolutions which has come to be known as "" the Industrial 
Revolution.** It transformed England and later spread to all other civilised countries, including Russia, 
which is now in the throes of its industrial revolution. But England went through its transformation more 
than a century ago, the first land to be industrialised on modern lines 


H istory records many dramatic 
revolutions which have changed 
not only the form of government 
but the course of histijvy. Ilut of all 
the revolutions of which there is any 
record none has had more momentous 
consequences and lasting effects than 
a revolution that tcK)k plac^' in England. 

Yet it was a, revolution in which 
tliere was no fighting or bloodshed, in 
which no great principle of government 
was at stake, and in which no ruler was 
turned off his throne or statesman 
driven from office. 

Life Completely Changed 

It is laiown in history as the In- 
dustrial Eevolution, and it took place 
in the eighteenth century. As the 
result of a number of inventions, all 
made in Great Britain, the whole course 
of the economic and industrial life of 
the country was cornpl(*t(*l>' changed. 
Home industries [XTished, and fac- 
tories grew up t(‘ do the work of the 
nation. People l>c<;ame “ hands/* and 
lost all individuality and economic 
libertv, just as though they had been 
legal slaves on a W est Indian plantation. 

In some ways it was a dreadful 
revolution, and probably led to mon* 
<lealhs and more misery than any other 
revolution that has ever taken place. 
Men became calUms and cruel b('Vond 
eojiception, and the greatest sufferers 
were boys and girls and little children. 

Up to about the middle of the (;ight- 
eenth century there wore no factorie.s, 
and all such work as i.s now done in 
factoriij.s, spinning, weaving, and so on, 
was done in the hom<‘s of the |X‘Ople or 


in small workshops. Near by w^ert- 
plots of ground, which the workers 
cultivated when they were not busy, 
and on which they grew a great deal of 
their food. Spinning was done by hand, 
and weaving also, and there had been 
scaretdy any change in the methods of 
work for centuries. 

As the population increased and more 
cloth was required for clothing, the 
demiind for spun thread, which could 
bt woven, increased, but the old 
mcthod.s of hand spinning could not 
keep up with the demands of the 
weavers. 

This set ingenious men wondering 
whether some machine could not be 
devised which would spin the thread 
more quickly than it could be spun by 
hand. 

In 1773, John Kay» a Ltincashire 
man, who was the lion of a woollen 
manufacturer, had invented what was 
called a flying shutl 3 # for weavers. Up 
to that time the i|ittle carrying the 
weft or cross- throa|l|| had to be pas.sed 
to and fro along warp or tlircads 
stretched Icngtln^ in the loom, in 
order to make tbj'/diolh, and for this 
process the weavi^%|!two hands had to 
be used. The of the cloth was 

therefore limited -iJ|^|thc stretch of the 
weaver’s arm, ar!|Muired two men to 
do the work. ; | I 

Kay’s in veniioil. gabled the .shuttle 
to Ik- propelled | 3 ||<»rds attached to a 
stick or lever, wfi®i|he weaver held in 
his right hand. ; f rAn the speed with 
which the shiiitfc |otild be tlirown mid 
cloth w^iven the iiwention obtained the 
name of the liy-«hiittle. 


Tile result of the invention was that 
a weaver {ind lotnn could now produce 
double the quantity of cloth and also 
make it of a better quality. Tt was first 
used ill the wrxdkni industry. 

But poor Kay, a ve*ry ingenious 
man, gained nothing from this and his 
other inventions for the carding and 
spinning of wool. The workmcm whom 
lie meant to benefit rose in opposition 
to his invention, Ix^lievmg that it would 
deprive tfiem of work, and they 
inoblx^d him. 

A Luckless Inventor 

He went to Colchester, where he 
managed a woollen factory, till he was 
driven from that place also fiy the 
workpeople. Then he went to Leeds 
and sot up as an engineer, hut the 
Yorkshire clothiers treated him shame- 
fully, using his shuttle, but paying him 
no royally on his patent, and the\‘ 
combined to form 'a Shuttle ('lub to 
swindle the invxmlor. 

Wherever he went Kay was the sub 
itH'.t of hostility and hatrt'd, and at last 
the W’orkimiple forced him to close his 
machine shops. When he returned to 
his native town of Bury, hoping to find 
friends there, the mob broke into his 
house, smashed all his furniture and 
implements, and would probably have 
killed him had not a couple ol friends 
wrapped him in a woollen .sheet and 
carried him out to a place of safety. 

For ten years ho wandered about, 
trying to get justice, and then, worn 
out and with no means left, lie went to 
France. He was unable to earn a 
living there, .so returned to England 
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iind tried to some n-ward for his 
invention from ih(‘ (lOVtTnmcnt But 
the Governnu'nt would do nothin*' for 
him, and Kay went bark to Fra nee 
where he <iied a paujKT in 1764 

Tie wrote just before his miseratile 
end * ' I have *1 ^2[reat many more in- 
ventions tlian what 1 have ^iven in. 
and the reason that 1 have not pul them 
forward is tlie bad treatment that 1 
had from wcKillen and eotton factories 
in different parts of Jui^land twenty 
vi'ars ak^o. and th(‘n I applied to j^irlia 
inent and they would not assist m<* in 
mv allairs, which obhp;t’d me to r[o 
abroad to ^et inont'v to pav mv debts 
and sn]^port my famdy.” 

It was Kay’s 11 y-sJuittl(' 
which s|K^(jded up the 
weaving of clotli and led 
to the ever increasing 
dtmiand for thread, there 
by giving an impidus to 
the invention of spinnint; 
machinery 

The Ix'ginning of mod 
ern rriacluiieTy in the 
spinning industry may be 
dateti from th(‘ invention 
by James I f.irgreaves, an 
iliiterale weave-rot Stand- 
hill, near Hlackbnrn. rd 
the spinning jemny. '! he 
name ‘ |(‘nny ” is Iry sonu* 
said to he a corruv>tiori of 
“ ginny.” wdrieh comes 
trom the word ‘ gin,” an 
abbreviation of " engine.” 
hut by others it is said 
that Hargreaves named 
his machine a “spinning 
jenny “ bcicaiise his wife’s 
name was Jennv. 

A Lucky Accident 

liargreavi's was waiting 
one day for the weft or 
thread wdiich his wdfe w^as 
spinning on her wheel 
when the whc^el fell over 
on its side, and the spindle* 
was tliiis thrown from a 
horizontal position into 
an upright position. 

Whetd anvl spindle went 
on revolving, and this 
gave Hargreaves the idea 
that by widening the 
wheel and placing a 
mnnlHT of upright 
spindles in a row, he might 
be able to spin several 
threads at the same time. 

He made a frame wdth eight spindles 
and the machinery for foetling them. 
The apparatus workcMl w^ell, and for a 
year or two ho iis<*d it in hi.s own house, 
producing eight times as much yam as 
before. 

1 ’hc speed with whicli the Hargreaves 
produced their material at first 
astonished their neighbours. I'hen 
these pi*ople ))eeame jealou.s, and 
finally broke into the house «md 
destroyed the jenny. 

Hargreaves was compelled to leave 
Blackburn, and went to Nottingham, 
where with a partner he set up a small 


mill. Here he increased the niimbor of 
spindles on his jenny from eight to 
sixteen, and he patented the machine 
in 1770. 'riie device was so g£)Oti that 
it vei*)' soon came into general use. 
Hargreaves went on improving the 
machine, till lie had increiusid the 
number of spindles to 120 or more. 

'I'he workers, however, who were 
engaged in spinning, became alarmed 
for their livelihood, and began to cause 
riots. But the clever device wa,s .so 
useful that it could not be suppressed, 
and fortunes were made out of it, 
though not by Hargreaves, for his 
patent was constantly infringed by 


dishonest people. He, however, made 
a few thousand pounds, but after his 
death some of his children were in 
great poverty, and when a fund was 
rai.scd to preserve them from destitu- 
tion, the wealthy manufacturers of 
Lancashire who had grown rich out of 
Hargreaves’ invention would scarcely 
give anything at all. 

It may certainly be said with truth 
that never was an invention more 
timely. It came at the very moment 
when the demand for spun thread was 
most insistent. This makes the treatment 
of Hargreaves the more disgraceful. 


The next great name on the list of 
men who brought about the Industrial 
Revolution is that of Sir Richard 
Arkwright. He was one of the few 
pioneers who gaint?d wealth anil fame 
from his work but it is doubtful 
whether he, like the others, was really 
an original inventor. 

Born in humble circumstances, Ark- 
wright was apprenticed to a barber, 
and being of an enterprising di.sposition, 
he l>egan to travel up and down the 
country, visiting the hiring fairs, where 
young girls were seeking posts as 
dome.stic servants. He used to buy 
their hair, and then dye it by some 
secret process of which he 
had knowledge, selling it 
to the wiginakers. But 
wigs were falling into 
disuse, and Arkwright, 
l^eing a far-seeing man, 
turned his thoughts in 
other directions. 

He oftc'n came in con- 
tact during his travels 
with the weavers and 
spinners, and he soon 
learned that the thread 
spun by the jenny, while 
being suitable ior the 
weft in we?aving. was not 
strong enough to be u.senl 
for the warp. He thought 
over the matter and de- 
(ided that it should Iw 
possible to i)rodu( e a 
m a c h i n e which would 
make .suitable warp 
thread. 

Rollers instead of Wheels 

SoiTu years hefoie, that 
IS in 1733, a nuin named 
I ohn VVyatt made a motlel 
ot a machine alxiut two 
feet .square, in a small 
building near Sutton 
Coldfield in Warwic kshire, 
with which he spun cotton 
thread even l>efore Har- 
g reaves invented his 
jenny. In this model the 
(ibre, instead of being 
passed twice round tlui 
spinning-wheel, was 
drawn between a pair of 
revolving cylinders, one 
plain and the other fluted, 
and then passi^d immedi- 
ately between another 
pair of rollers, so arranged 
that they would revolve 
more quickly than the first pair. 

Wyatt was induced to transfer his 
invention to an acquaintance named 
I-^wis Paul, who patented it in his own 
name in 173S. Some money was 
obtained from a lx)okseller, and a 
sriiall mill was started at Birmingham 
with one of Wyatt’s spinning machines 
worked by two asses walking round and 
round, while ten girls attended to the 
machine. 

The enterprise, however, was a 
failure, but the machine was tried again 
on a larg<*r scale at Nottingham, the 
power being supplied by water, and 
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fifty hands working 250 spindles. This 
too failed. The machinery got out of 
order, and the idea was forgotten, 
Hargreaves' jenny having proved much 
more successful. 

But the idea of the rollers Wcis 
revived by Richard Arkwright, who 
got a clocktnaker named Kay to make 
certain models for him. After some 
cx|)eriments a spinning machine was 
constructed with rollers, and set up in 
a secluded room in a house hidden by 
trees at Preston. 

The neighbours, owing to this 
sccni<’y, became suspicious, and in that 
sui>erstitious age connected the proceed* 
ings in the house of mystery with 
witchcraft. Two old 
woinen declared that 
they had heard a 
strange humming 
-sound coming from the 
house, as if the Devil 
w(*re tuning his bag- 
pil>es, anfl Arkwright 
and Kay were dancing 
lo the music. 

Frightened Neighbours 

'rhe constertiatioii in 
the <li strict grew 
rapidly, and there was 
some talk of breaking 
into the house. But 
Arkwi iglit, a n X i o ii s 
that his machine should 
not suiter the fate of 
that (d llargriMves, re- 
moved to Nottingham, 
w)u‘i7‘ h<‘ entered into 
partnership with 
others, erect(‘d a spin- 
ning mill and took out 
a patcnit f o r h i s 
mai hint' in 1 769 — th(^ 
sain<‘ year that James 
Watt took out his first 
]Kitent for the improve- 
ment ol the steam 
engine. I low little these 
men realise<l that they 
w'('r(' bringing about a 
grc‘at revolution ! 

Arkw'right's first 
spinning mill was 
<lnven by horses, but as 
such power was cx- 
|)ensive and could not 
be applied on a large 
scale, he decided to get 
other partners and en‘ct 
his spinning frame, as 
it was called, in a place 
where it could be worked by water 

)wer. This was at Cromtord in 

erbyshire. 

I'he yam produced was very hard 
anJ firm and eminently suited to be 
used as warp. But the conservative 
Lancashire manufacturers would not 
make use of it. It was therefore used 
at first for the making of stockings, but 
very soon it came to be utilised in the 
manufacture of calico. 

Arkwright built several other cotton 
mills, and being a good business man, 
sold grants for the use of his patent to 
great iid vantage. 


Then the old trouble arose. The 
workers Ix'came alarmed, serious riots 
broke out in T.rancashire in 1779, and a 
costly mill erected by Arkwright at 
Chorley was sacked. 

This put A»‘kwright into great 
financial ditficulty, and at the same 
lime spinners began to infringe his 
patent. He brought actions against 
a numlx^r of firms, and after much 
litigation his patents w^ere cancelled 
on the ground that he had only utilised 
the invent^ions of others. How far 
this is true it is difiicult now lo say, 
but Arkwright was such an excellent 
busines.s man that dc.spite the can- 
celling of his patents he w'as able by the 


Richard Arkwright’s original spinning machine 

use oi his own macliines to beat the 
other manufacturers. He worked ve^ 
hard, labouring from five o’clock in 
the morning till nine at night, and uevtT 
wa.sting a moment, and all this despite 
the fact that he suffered from ill- 
health. 

Thoma.s Carlyle has described him as 
" a plain, almost gross, bag-cheekfid, 
pot-bellied Lancashire man, with an 
air of painful reflection, yet als<i of 
copious, free digestion,” His ability 
and industry were well rewarded, if 
money and honour are rewards, for fie 
became High Sheriff of T)crbyshire, 
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was knighted by King George HI, and 
died leaving half a million of money 
after lie had twice presi^nted each of 
his ten children with a gift of 10,000. 

The year after Hargreaves liad 
pat(*ntod his jenny, and when .\rk- 
wright wa.s building hi.s mill at Crom* 
ford, a youth of eigliteen named 
Samuel Crompton was earning his 
living by .spinning on one ot Har- 
greaves' jennies, and weaving the w'cft 
on a hand-loom at a hoii.se in Holton 
called Hall-i’-th’.\Vood. 

He was an enterprising sort of youth, 
and made a careful stiuly of the jenny 
which he was using. Why, h(‘ reason(‘<i, 
should not a machine be devised which 
( cnild make even better 
. ‘ varn and turn it out 
more (juickly ? Ht^ 

sjHMil his spare time in 
trying to invent such a 
machine 

The Haunted House 

He was rather a 
secretive youth, and 
told nobody about his 
liopi's and attempts, 
but lie sat up .so late 
woiking at his inven- 
t ion that soon his family 
.i,nd iMMghbours, heal- 
ing strange and un- 
accountable sounds 
coming from the o]<l 
hous(‘ at untimely 
hours, rind seeing liglits 
m th(‘ windows, In'gan 
to get cunous. 'fhen 
word went round that 
th(‘ house was liauntcd 
Crompton, however, 
went on lor several 
years in his attempt to 
improve spinning, and 
sjxMit every penny he 
ciuiKl sav** frr>in his 
wages on the invention. 
He may or may not 
liave hoard of Ark- 
wright’s Toller spinner, 
but he certainl\' had 
never se<*n .such a 
machine. He .ado]>ted 
the roller f>rinciple. 
howeviT, making liis 
roihu'.s t»l wood covoTei! 
with sh(*epskm, and 
linked these 11 with a 
moval»l(‘ carriage carry 
ing twenty or thirh’ 
spindles, which re- 
volved w'lulo tlu' (.arriage, was receding 
from the beam on which the rollers 
wf;rc placed. This spindle carriage 
was f'-rrmipton’s great contribution to 
spinning machinery. 

By 1779 he had almost completed 
his invention, which later canu* to Ix^ 
called a spinning mule, because just 
as a mule is the oflspring of a marc 
and an ass, so the spinning mule was 
a cross between the machines of Har* 
greaves and Arkwright. 

The adviintage of having a movable 
carnage for tfie spindlo.s was that tlicro 
was no strain on the thread befr>rc it 
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was completed, and it could Ik? drawn 
out much finer then l>v the water-frame 
or jenny, ft lias Ix^en said that Cromp- 
ton's mule was the first machine to 
reproduce the lution of the left arm 
ami finder «ind thumb of the spinnei 
on the ordinary spinning wheel. 

Cnlortnnalely, just as Crompton 
iiad completeil his invention* there was 
<i gn?at p<^pular clamour against all 
spinning machinery, which it was felt 
cau^ed unemployment among the spin- 
ners. The people rose and every jenny 
foi manv miles round Blnokburn was 
destroyed, except those that had 
fewer than t w e n t 
spindles 

Cromjdon toll this was 
no time to produce his 
invention, so he took it 
to piea?s and concealed 
the various parts in a 
garret in the oUl Hall 
Tliere they r e m a i n e d 
hidden for many weeks, 
l>ut later he put the 
machine together again 
and began to spin some 
very fine yarn suitable 
♦or making muslins of the 
most delicate texture. 

Public Curiosity 

He man led in the fol- 
lowing year, and moved 
from the Hall, but he 
went on producing yarn 
there by means of* his 
mule, of such fmenes.s and 
strength that it soon be- 
came famous. The old 
Hall was soon besi<‘ged 
bv manutacturers, some 
of whom wanted to pur- 
chase yarn, but others to 
rliscov’er the myfdory ot 
the wonderful new 
machine. 

All kinds of tricks were 
tried to obtain admission 
to the boii.se, and many 
people cUmlK*d up on 
ladders to peep through 
the window.s. Crompton 
enacted a screen round 
his invention, but one 
inquisitive person is said 
to have hidden himself 
for some days in the cock 
loft, where he v^atched 
Samuel at work through 
a gimlet hole which tie 
tiad made in the ceiling. 

Pex)r Crompton was too 
poor to apply tor a patent, 
but he reali^clthat he must either give 
his invention to the world orde.strov it. 
He decided to do the former, and after 
receiving promises of money rewards 
from many manufacturers, who agreed 
to subscribe to a fund for his benefit, 
tic revealed his secret, 

The majority ot the scoundrelly 
manufacturers, however, having won 
th(^ secret, failed to carry out their 
promisefs, and all that was subscribed 
to the fund was £xof). Ah a matter of 
I act. CiomDton received much less 


than this. He says : ' I received as 
much by way of subscriptifm as built 
me a new machine with only four 
spindles more than the one I had given 
up the old one having 48, the new one 
52 spindles." 

The mule was now greatly improved, 
and soon came into general use. 
Crompton petitioned Parliament for 
.some recompense for the great gift he 
held Viestowed on the country, but 
instead of getting ^50,000 to which 
he thought he was entitled, he was 
granted the inadequate sum of £5,000. 

Probably Crompton would have 
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received more, but Mr. Spencer 
Perceval, the Prime Minister, while on 
bis way to propo-se a vote of £20,000, 
was shot by a madnian in the Lobby 
of the House. When the Prime Minister 
fell he had in his haatl a ituunorandum 
referring to the proptised vote. The 
matter was not pursued and Crompton 
did not receive the larger sunu 

How completely Crompton '.s machine 
super-seded those of Hargreaves and 
Arkwright may be seen from the fact 
that in t8io the number of spindles 
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used upon Hargreaves' jenny machines 
was 155.810, upon Arkwright’s water- 
frames 310,516, and upon Crompton's 
mules 4,600’ 000. 

We now come to another name in 
the group of Englishmen who brought 
about the great Industrial Revolution. 
Sometime in the year 1784 a numlx^r 
of gentlemen were discussing the recent 
invention of Arkwright for spinning 
yam, and one of them obscrvfid that 
so much yarn would now be produced 
that there would not be enough hand.H 
to weave it into cloth. 

One of the parly, Dr. Edmund 
Cartwright, who was a 
Leicestershire rector, de- 
clared that Arkwright 
would now have to set 
his wits to work to invent 
a weaving mill. His 
friends, however, said 
this was impossible. 

Dr. Cartwright was en 
tirely ignorant of mech- 
anics, and had never even 
seen a hand-loom, but the 
idea of a weaving machine 
had taken a finn hold ot 
liis mind, and he decided 
to try to invent such a 
machine himsedf. He did 
so, and took out a patent 
in 1785, but the machine 
was not very good. 

Patient Improvement 

In the next year or .so, 
however, he iniprowd 
the machine, took out 
tresh patents, and set up 
a factory of his own at 
Doncast<?r, for weaving 
and .spirming. It did not 
prosper, but he went on 
improving the macliine, 
spending over £40,000 in 
the. task. He also in- 
venteci a wcxil -c< im I li n g 
machine, the first of its 
kind, by which even in 
the early stages f)ne 
machine could do the 
work of twenty hand- 
combers. 

At once petitions 
against the machine were 
sH*nl up to the House of 
Commons from 50,000 
w(H)l-coml)crs, and Cart- 
wright agreed to limit 
the niim^r of machines 
to be used in anyone year. 
In 1701 a Manchester 
firm built a mill in which 
some of Cartwright's power-looms were 
erected and worked by a steam engine, 
but the Manchester mill was burnt down 
by workmen who feared to be thrown 
out of employment. This prevented 
other manufacturers for a long time 
from adopting the oower-loom. 

Cartwright's patents were infringed a 
good deal, and lie made nothing out of 
his invention, but after the patents 
had run out he petitioned the House of 
Commons, which voted him a sum of 
£10,000. He retired to the country 
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became ** a partly, dignified old 
gentleman, grave and 'polite, but full 
of humour and spirit/* He went on 
inventing right up to the end, and when 
he died at Hastings in 1823 he was 
buried in Battle Church. 

But all this invention of spinning 
and weaving machinery would have 
had far less effect in changing the 
character of English industry if it liad 
not been for another invention, namely, 
that of the steam engine. With water* 
power to drive the machinery, the 
lactories were limited to certain sp<5Ci- 
fied areas, but the steam engine made 
it possible to set up a factory any- 
whei*e. 

It is sometimes said that J ames Watt, 
the Scotsman, invenit‘d the steam 
engine. Of course this is nonsense. 
There were steam engines long l>rfore 
Wall, made by men like Thomas 
Newcomen of Dartmouth. What Watt 
did was to im- 
prove the steam 
engine so much 
that it could be 
used as an econtv 
mical source of 
power for driving 
machinery. 

The result of tht‘ 
invention of spin- 
ning and w(javing 
machinery and the 
improvement o I 
tlu' steam engine 
was S(K)n seen in 
the erection of 
factorit's all over 
Yorkshire and 
Lancashir<‘, 

And now began 
cme <if the darUcsl 
passages in Eng- 
land’s history. 

Women and c hil- 
<lren could, witli 
the aid oi the new 
machinery, do the 
work of grown 
men, so tiu'v were 
empU>yed instead 
of men, and the 
working classes fo- 
years ])ecamc li t tU‘ 
better than slaves. 

Cheap labour was re<|uired, and 
wages were hn^nght so low that all the 
members of the poorer families, incliKl- 
iug children of five or six, had to lal)our, 
to save themselves trom starvation. No 
spinarcr or weaver c-ould earn enough 
to keep his family. 

Someone thought of the dreadful 
idea of obtaining paup<*r children from 
Txmdon workhouses, and under the 
pretence of apprcntjce.ship binding 
them to a slavery far worse than any 
negro slavery in the West Indies. The 
authorities in London jumped at the 
iflea, and found the scheme for getting 
rid of hundred.^ of little mites very 
attractive. They even insisted that thti 
employers should take one idiot child 
in 6very twenty apprentices. 

The children wore bound to the 
employer till they were twenty -one 


years of age. Even in what vras re- 
garded as a model mill near Manclu^ster 
the children were worked 74 hours a 
week, but in the majority of mills the 
work lasted fifteen hours a day, Satur- 
day included. 

Think of what this means — little 
children from five to eight years old 
working from five o’clock In the morn- 
ing till eight o’clock at night. They 
were supjx)sed to have half an hour for 
breakfast <'ind half an hemr for dinner, 
but often they were kept working even 
during these intervals. 

The poor little mites were often so 
exhausted that they lay down on the 
mill floor and went to sleep, but their 
taskmasters woke them with cruel blows 
and drove them to the machines again. 

We are told that when the pau^Xfi* 
children arrived in the faclory districts 
they were dcpo<iite<l m dark collars, 
where the merchant dealing in them 


brought his c uslojiier.s to see them. 
Tile most heartteiwliug cru<*lties wen* 
practis(Kl uj>on ifae friendless litth? 
creatures. 'fhey'’ were flogged and 
fettered and tortgerwl with the most 
exquisite refinement of cruelty. They 
were in many case.s, starved to the lx>ne, 
and they died so fast that it was con- 
sidered unwise to bury them in local 
churchyards and cemeteries, so their 
bodies ' were taken considerable dis- 
tances in order that theenormou.s death 
rate might not be too noticeable. 

One orphan named Robert Blincoe, 
who was sent from St, Paiicras Work- 
house at seven to a cotton mill near 
Nottingham with eighty other children, 
worked from fourteen to sixteen fiours 
a day and occasionally longer. He was 
short, and could "only rciach the 
maefunery by standing on a block, and 
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when he could not keep pace with the 
machinery we are told that " from 
mornii\g till night he was continually 
being beaten, pulled by the hair of his 
head. kicke<l and cursed, as were the 
other children.” The poor little fellow 
declar€^d that it was not in his power 
to move quicker, but this made no 
difference. 

S<x»n afterwards ho was nioveti to 
another factory, and here the tortures 
practised are tf)0 terrible to be re- 
counted in a book of this kind. 

It is worth while remembering that 
while this sort of thing was going on 
in Christian England, pious men like 
William Wilhcrforce and others were 
agitating energetically on l>chalf of tlio 
negro slaves of the West Indies. These* 
good p<.*ople held meetings to stimulat* 
public opinion, and many of them in 
going to their meetings would pass 
(he factories with their lighted win 
dows where the 
little English 
slaves wen; work- 
ing 16 hours a day. 

When attempts 
were made by such 
men as Lord 
Shaftesbury, per- 
haps the great e.st 
Englisliman of the 
nineteenth c e n - 
( ury, to nxlucc the 
hours of labour for 
children, men like 
John Bright, who 
professtui to tx* 
the friend of the 
fH*ople, fought 
t ool h and nail 
against any inter- 
ference with (he 
employers. 

It is true tliat 
Bright anfl his 
friends strove hard 
to get cheap bread 
for the )>eople, 
but thcap broad 
meant that low 
wages c o u 1 d bo 
pakl in the fjictor 
tes, and tis many 
of t hese politiriams 
drew their incomes 
from tlu? taclories where the poor little 
pauper children w^ere being driven to 
death, tlu'V worked hard for the intr(» 
dnclion oi ebeap Joreign corn, quite 
indiflerent ns to what would haptxm 
English .agriculture, 
lohn Bright is often called “ tlu* 
tribune of the people,” but he was no 
friend of the txjople. Ho showed by his 
attitude to factory legislation that he 
had no real care for them, and in every 
possible way opposed Lord Shaftes- 
bury and those who wanteil to make 
conditions in the factories tolerable foi 
the sweated women and children. 

It is only right that the true facts 
about this dreadful period in English 
history should be recorded, and that 
it shtiuld be known who were the men 
in public life who fought for and who 
against the alv>lition of Englisli slavery. 



THE BEAUTIFUL CROSS MADE BY A PEARL OYSTER 



Sometimes quite a coUection of pearls mav be found inside the sheU of a single oyster, and the most remarkable collection of this 
kind ever discovered was that shown in the picture. It consists of nine pearls grouped as a cross about an inch and a half long, and 
has been given the appropriate name of the Southern Cross* This marvellous shell with its pearls was found in 1874 by an Australian 
aboriginal, who was collecting shells thrown up on the beach at Raeburn in Western Australia. He sold it for a plug of tobacco, and 
the recipient sold it for j(i3 to a man who himself disposed of it for fyo. After changing hands several times more it was sold for many 
thousands of pounds at an auction sale in London. The Southern Cross is here shown slightly larger than natural sixe. 
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Marvels oF Machinery 


A LIGHTHOUSE AS FIRM AS A ROCK 

Without niAchincry it would, of course, be iinpossible to build the modern type of granite lighthouse on 
a wind and wave swept rock. A lighthouse like the Eddystone is as solid and strong as the rock itself, and it 
needs to be. for the power of the waves is immense. At one lighthouse fourteen stones of two tons each 
cemented together 37 feet above high water were washed away by the angry waves. Here we read how 

a lighthouse can be made to resist such waves 


T hk landsman has little idea of the 
power of the waves and how 
strongly a wind and wave swept 
lighthouse must be built if it is to stand 
as firm as a rock. 

It was John Smt^aton, the builder of 
the third IMdyslone light- 
house, who showt^l the way 
to build a stone light house / ' 

On a nx'k, that could defy ' 

the most powerful winds 
a.nd waves that beat 
against it. 

In the first place he deter- 
mined to build it of granite 
and not of wood like pre- 
vious lighthouses. Then | 

he. dociclcd to follow the 
design of a tree trunk and 
make the lighthouse a j 

gradually tajicring tower 1 

with circular walls free ot 
projt‘ction.s. 

Kinally he derided to 
dovetail the stones together 
and to dovetail the lower 
layers into th<j solid rock. 

In this way the liglit house 
really became a part of the 
Eddyslont; roc k, and how A model of 
triumphantly the gcuiius of together to 
Srneaton was vind icat ed was shackle and 


proved by the fact that his lighthouse 
stocxl for nearly a century and a quarter. 

Then it was found that the onslaught 
of the waves had jarred the joints in tlie 
stones and undermined the veiy rock 
on which the lighthouse stood. 




one of the two-ton of granite which are dovetailed 

form the present BdArstone lighthouse. The metal 
eiqiansion wedge aft Jb^owering the block into position. 


It was, therefore, decided to build 
another lighthouse, bigger and more 
powerful, on another part of the 
terrible and dangerous rock It was a 
lromendc>iis task, for the part of the 
rock on which this fourth Eddystone 
- light I louse stands is beneath 

, . the level of low tide ami the 
H liglitliousc itself is nearly 

! j twice the height of 

\ Smeaton's 

This magnificent light- 
? house took nt'arly four years 
to build. It is made of 
granite and the base is 414 
. feet in diameter and for 44 
feel from its base is per- 
pendicular. Then it begins 
to taper sliglitly, but for 
another 25 feet it is solid 
except for a water tank. 
The great ma.ssive slabs 
j of granite are dovetaiksl 

togid-her both laterally and 
, vertically, tliat is, p’rojec- 

tions on cacli stone fit into* 
the next stories on eithiu 
side and to the next stone.s 
above and be-low, and could 
iovetailed not be dispinced without 

he metal breaking. The lighthouse 

I position. is practically one piece. 



WHAT THE SOUTHERN CROSS IS 


W E often see in books of travel 
and novels dealing: with life 
in the southern hemisphere 
references to the Southern Cx^isa, and 
txx)ks have lx*en published with such 
titles as “ Under the Southern Cross.*‘ 
It is curious how many people who 
know this expression and understand 
that it has somethinf? to do with the 
southern hemi- 
sphere have no 
real idea what the 
Southern C ross is. 

It is, of course, 
a constellation or 
tjroup of stars of 
the souther n 
heavens, and is 
vi.sible only to 
those who liv^e or 
travel in southern 
latitudes. The 
Southern Cross is 
a very small con- 
stellation, but it is 
noticeable l)ecausc 
it has four bright 
stars in the form 
of a cross, and it 
is perhaps under’ 
standable that the 
old travellers 
showed a super 
stiiious reverence 
tor this Rroup oi 
stars which ap- 
peared to them to 
DC a symbol of 
their faith, 

A Useful Guide 

T h c Southern 
Cross is to those 
who live or travel 
south of t h e 
Eifuator what the 
Plough i.s to those 
in the nm-thern 
hemisphere. It is 
an easily recog- 
nised group ol 
stars, from which 
it is possible to 
find other constel- 
lation<« of the 
southern heavens. 

'% The upper and 
Ibwer stars of the 
Southern Cross are 
always on the 
meridian at about 
the same time, and 
they Serve, like t.he 
pointers in the 

Great .Bear, to indicate roughly the 
direction of the south pole of the 
heavens. But, unfortunately, there 
is not any definite star in the south 
like our Pole Star in the north which 
marks tlie celestial pole. 

About five thousand years ago the 
Southern Cross was visible from the 
Earth*s northeim hemisphere, and it 
could be seen even from the British 
Isles, Now it cannot be seen at all 
north of tlie Equator. It is, however, 
gradually receding from the south pole 


ol the heavens, and the day will 
probably come again, though at some 
very distant date, when it will reappear 
above the horizon oi Europe. 

The general apijcarance of the four 
bright stars of this constellation, as 
visible to the naked eye, can be seen 
in the picture on this page. A photo- 
graph of the Southern Cross, taken 



The Constellation of the Southern Cross with its four bright stars in the form of a cross 
as seen from New South Wales. For clearness the stars are here outlined as a cross 


with a large telescope, is given on 
page 241, and in that photograph 
we see the curious black patch in the 
heavens which is known as the Qwl 
Sack.'" 

At one time this was supposed to be 
a " hole,'^ as it were, in the heavens, 
a vast tunnel in which tliere were no 
stars. Other such black patches have 
since been discovered, and it is now 
believed that these are not empty 
spaces, but dark nebulous matter which 
blots out the stars behind them. 


The Southern Cross is sometimes 
called the Clot^k of the Night, because 
from particular places in tlie southern 
hemisphere it is never seen to set. 
It is always visible from the of 

Good Hoi)c and Australia, just as the 
Great Bear is always visible from 
the latitude of lx)ndoh. 

Many famous travellers of earlier 
days have notecl 
the Southern 
Cross. Alexandei 
von Humboldt 
states that one 
experiences an 
indescribable sen- 
sation when in 
passing from one 
hemisphere to the 
other, he secs the 
.stars with which 
he has l>een fami- 
liar from infancy 
gradually a p - 
proach the horizon 
and disappear. 

A Sign of Faith 

' We saw dis- 
tinctly,” he sfiys, 
“ for the first time 
the Cross of the 
South. It was 
strongly inclined, 
and apix'ared from 
time to time be 
tween the clouds. 
The pleasure felt 
on disaivering the 
Southern ('ross 
was war tn 1 v 
shared by sucli of 
Hie crew as had 
I i ve d in the 
Colonies. .Among 
the I’ortuguese 
anrl the Spaniards 
peculiar motives 
s<Mjmc<l to increase 
this feeling; a 
religious sentiment 
attachc^s them to 
a constellation the 
form of which re- 
calls the sign ol 
the Faith planted 
by their anci‘stors 
m the deserts ot 
the New World.” 

Even so far 
back as the be- 
gin ning of the 
14th century, the 
Italian poet, 
Dante, seems to have had some know- 
ledge of the existenc.e of this group of 
.stars, for in his Divine Comedy we find 
the following passage ; 

“ To the light hand 1 turned, and fixed my mind 
On the other pole attentive, where I aaw 
Four Sim’S ne'er .seen before, save by the ken 
Of our first parents. Heaven of their rays 
Seemed joyous. O thou northern site ! bereft 
Indeed, and widowed since of these deprived." 

If this was only a poetic fancy, 
it was a strikingly accurate shot at 
the truth. 
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Wonders oF Animal &Plant Lifi 



THE MYSTERY OF THE BEAN FAMILY 

No novel is more romantic than some oF the wonderful stories of nature that men of science have 
discovered, and one of the most surprising of these is the tale of the bean and pea family and how its plmts 
enrich the soil with nitrates so that other plants can grow and thrive. It is the story of a strange 
partnership between plants and animals and here in these pages we read about it 


T hkue is no doubt that during the 
past hundred years more scientific 
discoveries have been made than 
in all the scores of preceding centuries 
in man’s history. Yet we find the germ 
of many of these discoveries far back 
in ancient limes, 'fhe great niysterv 
of the bt'.iui and pea family, which has 
only been solved in the last half century, 
i.s a striking example of this, ami the 
story is truly one of the romances <if 
plant life. 

Of course, we all know that peas, 
beaus and lentils, which are spoken 
of generally as the pulses, arc exceed- 
ingly valuable as human foods, and 
that similarly the 
clovers and the 
vetches, which be- 
long to the same 
family, are splen- 
did foods for cattle 
and sheep. 

Seeds in Pods 

This family of 
plants, which men 
of science call the 
leguminous fam- 
ily, is so named 
from the 
word 1 e g u m e u. 
which means 
''that which may 
be gathered b}'' 
hand without cut- 
ting." It is a ref- 
erence to the fact 
that all the mem- 
bers of the family 
p r o d u c c their 
STicds in a p<Kl, 
w h I c h can be 
pulled from the 
plant without 
difficulty. 

The most tarn 
iliar members of The roots of three ph 
the family are. of ^ bartena m the so 
course, the garden *'*'ich plants can 
pea, and the 
scarlet runner and 

other beans. These, with lentils, have 
l)een described as " the poor man’s 
beef," because their nutritive value is 
80 high, owing to the large proportion 
of protein which they contain. About 
one and a third pounds of pea-flour a 
day would supply all the protein re- 
quired by an active man, but as the 
pulses are not so rich in carbohydrates, 
that is, starch and sugar which serve as 


(Iwiug to their high proportion of 
protom, however, they form (‘Ke.<‘ll(‘nt 
tissue builders, and Dr. Robert llutclu- 
son, the great food expert, .say.s, " 'I'heir 
use is strongly to be recoininondcd, 
and It is a pity that Ihc^y are not more 
largely taken advantage of by those 
to whom economy is of im]M>rtance, lor 
uiupiestioiuibly the pulses are among 
the chcapt'st of foods, and a given 
sum will yield more prott‘in il invested 
ill them than in any other way." 

But there is anolhiT way in which 
the leguminou.s plants arc of the 
utmost value, and this has only bejui 
di.scovered fully in recent yc^irs. It 



The roots of three plants of the leguminous family showing the nodules which are caused 
by bacteria in the soil, which take free nitrogen from the air and from it form nitrates 
on which plants can feed. On the left is the horsebean, in the centre the red clover, 
and on the right the »oy or soya bean 

with lentils, have has been known from the very earliest which we cannot 1 

' the poor man’s days of agriculture that the soil could If neither anir 

nutritive value is ba made more fertile by growing in it absorb the free 

e large proportion crops of leguminous plants. Farmers which is all aroini< 

y contain. About di.scovered this and, through the that there must 

nds of pea-flour a centuries, acted upon their knowledge, lock ; but as alre 

ll the protein re- although they did not. understand gen can be taken 

man, but as the in what way the leguminous plants compounds of wl 
I in carbohydrates, helped the soil. Scientists were no the elements, and 

igar which serve as wiser, but they determined to find of animals but < 


All plants, ll they are to grow and 
he hcfdthy, innst liave plenty of pro- 
tein, and this is made up largely of 
nitrogen gas combined with other 
(‘lements. W ithout nitrogen there can 
U' no lile, and if a plant — and th<' 
same thing ap])hes to animal life — is 
deprived of food containing nitrogen, 
it sickens and dies. 

Now there are abundant supplies of 
nitrogen in the atmosphere —indeed 
about four- fifths of the aii consi.sts 
of nitrogen. One scientist, Mr. 
(ieollrey Martin, estimate.s the rpuintity 
at billion tons. He .says that 

every s(|u:ire yard of land has about 
seven tons of nitro- 
gen lying over il. 

Getting Nitrogen 

Unfortunately, 
neither animals 
nor plants can 
absorb nitrogen in 
the free state; 
they can only take 
it into their 
systems from cer- 
t a i n nitrogenous 
compounds. We 
human being.s get 
our nitrogen in the 
form of animal and 
vegetable food. 
Every meal wc eat 
represents so much 
nitrogen. The ani- 
mals which wc eat 
get then nitrogen 
from the grass and 
plants that form 
their food, and the 
plants in turn 
obtain practically 
all their nitrogen 
from the soil in 
which they grow, 
les which ore caused We are thus, plants 
rom it form nitrates and animals alike, 
mtre the red clover, all dependent up( n 
the soil for the 
nitrogen without 
which we cannot live or thrive. 

If neither animals nor plants can 
absorb the free nitrogen of the air 
which is all arouiid them, it might seem 
that there must be a complete dead- 
lock ; but as already explained, nitro- 
gen can be taken in the form of certain 
compounds of which it forms one of 
the elements, and this is true not only 
of animals but of plants also. The 


fuel to the body, they are not suitable out the facts, and after long and patient plants as they grow extract supplies of 
for an exclusive diet. investigations they did so. nitrogen from compounds m tlic soil 



WONDERS OF ANIMAL AND PLANT LIFE 


but, ol course, as they do this the soil 
gets poorer and poorer in nitrogen 
until at iast» if nothing is done to 
replenish the earth, the soil l>ecomes 
barren and useless. 

'J'here are large tracts ot land in 
Sicily and North Africa, and elsewhere, 
which were once very rich com- 
producing regions, hut which are now 
practically sterile because their soil has 
little or no nitrogen and so plants 
cannot grow there 

Putting the Nitrogen Back 

'1 he same thing would happen on all 
larnis, but man has learned to replace 
the nitrogen which is taken out ol the 
S(.»il by the plants, by manuring the 
ground Ihc manures or fertilisers 
wliieh wc mix with the .soil, have in 
them coinpimnds containing nitrogen, 
and the roots of plants have the power 
ol extracting from these substances 
tlu' nitrogen which they need to build 
themselves up. 

In the old days, when men were few, 
and htirses and cattle were many, there 
was an adecpiate supply of natural 
manure from these animals to feed the 
•oil, but now wht‘n the world's popula- 
tion is so great and larger supplies of 
food are needed for mankind, there is 
not sulheient natural manure to meet 
the needs of the tanner, especially as 
horses are getting fewer and fewer. 

The doticiency lias been made up very 
largely by putting nnneral manuo's on 
tile land in tlic form of nitrates, large 
deposits of which arc found in Chile 
and el.S(‘wliere. Hut the supply of 
nitrates must eventually be exhausted, 
and man will then have no alternative 
f>ut to make his own nitrates in koitu; 
way, using the nitrogen of the air for 
the purpose. He has already made a 
start in this line, and will no doubt 
succeed in producing larger and Urgei 
crops from the soil. 

Scientists Puzzled by s Plant 

Now let us come back to the legu- 
minous plants. It would take too long 
to tell the whole story of how men of 
science discovered the way in which 
these plants enrich the soil and make 
it more fertile. 

Aftei long and patient investigation 
it has Iwn found that the leguminous 
plants alone of the many families of 
plants that grow have the ix)wer of 
taking nitrogen from the air and using 
It (or the building up of their bodies. 
Peas and l>eans and other relatives of 
theirs do not absorb this nitrogen by 
means of their stems and leaves ; it i.s 
the roots that take up the nitrogen 
from air mixed with the soil. As we 
know, the particles of the soil lie more 
or loss loosely together, and the spaces 
in between are filled with air. 

At first the scientists could not 
understand why it was that these 
particular plants were able to do what 
other plants could not do. Slowly and 
surely, however, they pieced the story 
together. They noticed that the roots 
of leguminous plants always had little 
swellings or nodules on theii roots. 


They examined these swellings and 
found that Ihev contained bacteria, or 
lowly plant forms that need a micro- 
scim* before they can be seen. 

They eventually came to the con- 
clusion that leguminou.s plants, by 
means of these bacteria found in their 
roots, had the power of obtaining 
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Bacteria (magnified) which fix the nitrogen of 
the air and make it available for plant food 


nitrogen from the air and so were able 
to get the* necessary food to build up 
their bodie.s 

One Ounce ol Teeming Lite 

Up to that tiiiu' little or nothing had 
been known about bacteria in the snil, 
but when scientists hc‘gan to examine 
the soil they found, to their astonish- 
ment, that so far from it being a dull, 
lifeless mass of matter, it teemed with 
living creature.s. In an ounce of rich 
loam soil, for example, there may be as 
many as T50 million bact(‘ria, and in 



Grains of soil, magnified, showing the spaces 
filled with air among them. It is from this 
air in the soil that the bacteria take the 
nitrogen needed for their life 

some soil, such as that which has be- 
come polluted with sewage, or watered 
with manure, the number may be li.« 
high as 3,01 »o million in every ounce. 

Penetrating the Roots 

It was found that the particular 
kind of bacteria in the nodules of the 
leguminous roots are not peculiar to 
them, but that these also live in the 
soil. For some reason or other, how- 
ever, they make their way through the 
thin wall of the root-hairs of the 
leguminous plants, and then multiply 
so rapidly that they infect the tissuc.s 


of the root as a whole and lead to the 
formation of the swellings or nodules. 

Many millions of tho.se bacteria are 
found in the root of a single plant. 
They at once l>egin using the sugar 
which the plant has built up for its 
nourishment, and they take up from the 
air circulating in the spaces of the root, 
free nitrogen and combine it with other 
elements in their tissues. In this 
respect they are able to beat the very 
cleverest human chemists. 

Making up lor Lost Sugar 

Of course, when these bact(*ria u.se 
the sugar in the roots, the plant sufh*rs 
loss, but it soon makes up for thi.s by 
taking from the bacteria the nitrogen 
which they liave combined with other 
substances in their bodies. Thus the* 
leguminous plants become rich m 
nitrogen and thrive in the soil. 

But how is it that the soil is enriched 
for th(^ next crop by the growing of 
beans or peas or clover ? Well, when 
these plants die or are gathered, some 
surviving bacteria remain in the sc;il 
and rc-infe<’t it, while the roots of I lie 
gathered crop of leguminous plants 
remaining in the .soil, supply nitratc‘.s 
which have* been built up in Hie 
swellings. The soil is thus iertiliscd as 
though it had been manured with 
artificial nitrate fertili.ser. 

The knowledge thus gaimxl is ex- 
ceedingly valuai)le, and the growing of 
crops in rotation is put on a sei(‘ntific 
ba.sis. The faruun' on all his aral)le 
land grows, in a certain succession, 
crops of leguminous plants, not only 
for their own .sake but in order to 
enrich tlie soil for bis next crop. 

Of course, there are very many mem- 
bers of the leguminous family, in ad- 
dition to the peas, beans, lentils and 
clovers, which are so familiar to us 
One botani.st tells us that the family 
has no fewer than 10,782 species. 

A Very Important Family 

No family is ol greater agricultural 
importance, unlas.s perhaps it be the 
grass family, which includes wh<*at, 
oats, barley and so on. The protein in 
which the leguminous plants are so rich 
is found in all parts of the plant, and 
not in the seeds alone 

The seeds of the leguminous plants 
are noted for their great length of life. 
It is said that some nave retained their 
vitality for a couple of centuries. Where 
the.se plants grow in dry climates a large 
pcrcentige of the seeds have hard cover- 
ings which prevent the seeds drying up. 

The interesting thing about the dis- 
covery which has lioen dosi iibed is that 
plants like jXMS, beans, lentils, cloviir, 
and their relations really live in a kind 
of friendly partnershi]) with the bac- 
teria, the leguminou.s plants supplying 
food to the bacteria, while the bacteria, 
in their turn, take nitrogen from the 
air, combine it with other elements to 
form nitrates, and supply food to their 
hosts. They arc really very generous, 
for in addition they leave a store of 
nitrates in the soil for the plants of 
another season. 
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THE WONDERFUL CYCLE OF NITROGEN IN THE SOIL 



All plants and animals need nitrogen if they are to grow and thriYef and there is plenty of nitrogen in the air for their nst* But 
neither animals nor the majority of plants can use the free nitrogen of the air. It must be in the form of a compound. What is 
to be done ? Well, there is a wonderful romance of nitrogen which is shown in these pictures. Certain bacteria in the earth can 
take the nitrogen from the air, which is mixed up with the grains of soil, and, entering the roots of leguminous plants like beans and 
peas and clovers, combine it with substances in those roots and form nitrates. The leguminous plants then enrich the soil with these 
nitrates, and when some other crop is grown on the same soil it finds nitrate food and thrives. Animals then eat the crops, and human 
beings eat both animals and plant food, getting nitrogen in compound and digestible form from them. The refuse and remains of animals 
in the soil cause bacteria to multiply there, and so what has been called the nitrogen cycle goes on continuously to the advantage of all 
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THE IMPORTANCE OF SITTING PROPERLY 

W K shall probably notice as we backs to the wall, stand as upright as taught to place their Iclt arm forward 
about that many people, l)otlj we can, with the lower part of the body on the table or desk and to write with 
old and young, are round and the shoulders and the back of the the right wrist resting on the desk, 
shouldered or slouching in tlu‘ii gait. head just touching the wall. If we can The result was that the left shoulder 
Of course, we cannot all be beautiful do this with comtort and ease and feel was raised above the right, and as the 
or tall, but we can all within reasonable that we are standing naturally, then habit was constantly practised through 
limits be upright. we are growing well, and our bKKly is the growing ye^irs when the bony 

Growth IS a natural process, and, as upright as it should be. skeleton w£is hardening, the child grew 

the Bible say.s, none of us by taking Then for a sitting test let us place a up with the right shoulder permanently 
thought can add one cubit to his stool, such a.s a bathroom stool, of a lower than the left. Now in school 
stature We can, however, by thought suitable height, against a vertical Wcill, boys and girls are taught to write with 
become well formed, and it largely and sit upon it wdth the lower part of both elbows equally placed on the table 
dejxmds upon ourselves. If we are our body touching the wall. Then let or desk. 

careless in our walking and standing us lean back till our head also touches In such operations as playing the 
and sitting we shall become round- the wall, and if we are growing well piano, reading a book, or listening to 
^honlderod and bemt in the back, and our shoulders also will touch the wall. a speaker, wo should be sure to keep 



This picture it « realistic illustration ot the importance ot sitting and standing correctly. The skeleton, which is the framework of tlie body, 
becomes permanently deformed by wrong attituefes, and If only we could see our skeletons we should be more careful. The hgure on the left 
shows dte ikeletoa of a petson who hat become round*shottldered and developed defects of the backbone by wrong sitting. In the centre the 
foremost figure is sitting at the piano in the right position, on a seat of the correct height. The far hgure is in a wrong position owing to a seat 
that IS too high. If persisted in such a method of sitting will deform the spine. The figure on the right has become deformed through the 
constant practice of lifting loads that are too heavy, a very dangerous and unwise thing to do 


these things generally mean ill-health. 
If we do not walk upright we cannot 
breathe properly, and if we sit huddlerl 
up we .shall do harm to other organs 
of our boilies. 

Man is an upright animal, and this 
physical erdetness he owes to the fact 
that he has an upright framework, 
tile bony skeleton, and muscles which 
assist in keeping body iu the right 
position. 

There are two simple tests by which 
we can know whether we arc helping 
out bodies to grow correctly. First ol 
all, with regard to the standing posi- 
tibn. Let us go to the wall and, placing 
our heels together against it with our 


Perhaps when we carry out these 
tests we shall find that while we can 
touch the wall at the points named, our 
position seems very strained and un- 
natural. In that case it is pretty cer- 
tain that we are not carrying ourselves 
as we should do and helping our own 
growth along healthy lines. To get 
right we should carry out certain 
exercises. A doctor or a gymnastics 
master or mistress will tell us what 
these should be. 

One very important thing for boys 
and girls to remember is tliat when 
they are sitting reading or writing they 
should keep their bacbi as upright as 
possible, in the old days chilaren were 


our spines upright. Otherwise, if we 
arc always l>enaing forward they will 
l>ecome permanently bent, ana our 
chests also will l>ecome flat, so that wc 
cannot use our lungs to the full extent. 

Of course, some ^ople, owing to the 
nature of their occupation. And it 
difficult to keep from deforming their 
bodies. Men who are constantly carry- 
ing very heavy loads on their backs 
often become bent or round-shouldered, 
and this shows how important it is that 
growing boys and girls should never 
carry weights that are too heavy for 
them. I^et m do our best if we have 
sound and healthy bodies to grow up 
with erect and good figures. 
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THE LIFE-STORY OF THE CUCKOO-PINT 



The wild arum or cuckoo-pint is one of those British plants which depend i^on insects for the fertilisation of their seed-bearing parts, 
and here we see its life-storjr. A seed which has fallen to the ground sprouts and grows into a ]^ant, which bears a bud that develops 
into the well-known spathe or sheathing-leaf enclosing a spadix or fleshy spike. In these pictures the lower part of the spathe is cut 
away and we see how midges, covered vnth pollen from an older plax^, pass through a palisade of spikes and, being unable to return, 
fly about and ahdke the pollen on to the stienta or female puts, fertilising them. These develop into red berries known as ** lords and 
ladies,*’ which contain seeds. The spathe withers and the midges then escape to fertilise other arums. The berries fall to the ground 
and later sprout into new plants and thus the species is carried on from generation to generation 
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THE DIGNIFIED ADJUTANT BIRD 

N O biK bird looks so and leathers, wbicli were much sought after The adjutant has a curious pouch 

solemn as it walks aliout with in J^uroiie and America for the making lianging (U)wn the front of its throat 
slow and stately tread as the of ladu's’ wraps and the trimming ot but the use of it is not yet understood 
adjutant or marabou stork \V(; may hats and drt'sses. Tliey are ktuiwri as by men of science. An African species 
see It when we next \'isit the J^ondon marabou feathers. Marabou is from an of marabou also has this pouch and 

7,00 It is very coiiitnon in north- Arab word meaning a hermit, and the on account of its curious appearance* 

eastern India, espt'cially in Bengal, name was given to the bird because of the Arabs call the bird “ the father of 

wlu*re it sjiends the sunimer, arriving its fancied resemblanci* to a hermit. the leather Ixjttlc." 

in April oi May, and flying away m The adjutant rlcvours any (jffal that Adjutants hardly look like birds 
October to Burma and Malaya, where may be lying about among the refuse that can fly high or swiftly, yet although 
it breeds. heaj>s in the streets and lurks about their flight is heav'y and flapping, it is 

It builds Its n(‘st, wliich cfinsists of the slaughter-house's and burning powerful and the'y soar to groat heights 
little nior(‘ Hum a rough pile of sticks, grounds of the* Hindus. Anv dead dog and then come down to join the \'ul- 



The queer and very solemn attitude assumed by the adfutant when it is resting on the ground after a meal 


on some rocky clitt or lofty tree, and or cat that may In." found is eaten with tures at a feast of carrion, pecking their 
there lays two white eggs. But it is relish, and even larger carcasses. way among these birds and g('tting the 

during its annual visit to Bengal that It can be understood how valuable lion’s share of the meal, they 

it is btist known It struts about such a bird must be in a hot country are annoyed they can certainly give a 
solemnly and pompously like a digui- like India where the natives arc not very vigcmnis peck, 
fted military staff -officer, hence its very particular about the disposal of Adjutants are generally seen in large 
popular name of adjutant. their refuse. At the same time the flocks, especially in the hills where they 

It is a great scavenger and is re* adjutant will readily devour a fish or nest. In January the parents are to lx* 

garded as so important in this capacity a frog, or a small bird. seen feeding their young birds high up 

that it is rigidly protected by law. Now that they are strictly protected on the pinnacles of almost inaccessible 
How necessary this protection is can by law the adjutants become quite rocks. In the neighbourhood of towns, 
be understooa when we remember tame and walk familiarly alxjut the however, adjutants stalk about alone, 
that at one time large numbers were streets of the Indian towns among the or stand with wings outspread drying 
slaughtered for their undertail covert people in a very amusing way. their plumage. 
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THE ADJUTANT HELPS HIMSELF TO A MEAL 



The marabou stork of India has been given the name of adjutant, because of its solemn stride, humorously likened to that of a military 
officer on parade. It is the largest and i^gliest member of the stork family, and with its rough plumage and naked neck always looks 
rather untidy. It is only a summer visitor to India, arriving in that country in April or May, remaining through the rainy season, and 
leaving in October. The rest of the time it spends in Burma or Malaya, wheris it nests. Because of its great value as a scavenger 
the adjutant is protected by law in Calcutta and other Indian cities. It will eat anything dead from a large animal to a cat or fish 
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MERRY-GO-ROUND FOR AVIATION’S G-MEN 





1 



" \ mt 






High-Speed flying, particularly if the aircraft suddenly accelerates 
or changes direction, plays odd tricks with gravity which can 
have serious effects on the pilot. Thus excessive acceleration 
increases the influence of gravity on the pilot’s body and can drain 
the blood from his brain, so causing the state of unconsciousness 
called “ black-out.” The amount of extra gravity force which 
a man can stand is measured in Gs. As it would be dangerous 
to experiment in the air to And out how many Gs would affect 
a pilot, the machine illustrated here is used to create different 
gravity conditions on the ground. The ” pilot ” is seated in a 
cabin (i and 4) which is mounted on a long arm (2) and whirled 
round at high sp^d by an electric motor. Attached to the 
pilot are various instruments to register what is happening to 
him. The readings from the instruments are then recorded on a 
strip of paper pacing through the machine shown in 5, and 
examined by medical experts. The outside of the cabin and the 
manner in which it is mounted on the arm are shown in 3 
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MODERN WONDERS OF ILLUMINATION 


One ol the greatest blessings that modern invention has brought to the world is improved lighting. In these 
days of welMighted streets and houses, of powerful headlights on motor-cars, and electric torches and 
hand-lamps it is difficult for us to realise the horror of night and darkness which people had in the old days. 
Here we read something about old and new methods of lighting 


T he night had a great horror tor 
the people of oklen times, who 
feared darkness, with its lurking 
dangers, as they feared few other things 
Literature is full of references to this 
In the Bible, for instance, Oiie of the* 
most terrifying plagues of Egypt was 
a thick darkness in all the land 
which lasted for three days, an<l the 
punishment threatened to tlic wicked 
wius that they should be “ driven from 
liglit into darkness/’ and experience 
*' the bhickness of darkness lor ever.” 
The righteous, on tfie other hand, wen* 
to have their darkness turned into light, 
so that even the night sIkjuUI be light. 

It has been well said that wlien the 
streets of Loudon were first lighted with 
gas in the early part of the nineteenth 
century, the new lighting did more for 
morality and the reduction of crime 
than all tlie preachers and guardians 
of tlic law, so true is it that every- 
one that doeth evil hateth the light, 
neither comet h to the light lest his 
deeds should be discoA'ered.” 


How poor were tlu' attempts to light 
the streets before the advent of gas! 
In the City of l>on(lon a law was inadi* 
that everyone should put a caiullo out 
over his door at night in a lantern 
The candles were put u]), but often 
they burned out or were blown out by 
the wind. Such feeble lights only sc* wed 
to empliiisise the darkness 

When the authorities lighted tlu* 
streets with oiMamps it was a great 
step in the right direction, but gas was 
really the beginning of modern lighting 
Then came electricity, and the gas 
mantle, with the cheapening of jirodiic- 
tion and now the streets of a great city 
are almost as light at night as they are 
in the day-time. 

In the Jionie, loo, uma/itig advance's 
have been made in lighting. Think of 
the old days when, before a light could 
be obtained on a dark winter morning, 
the tinder had to be lighted by a spark 
struck with the steoTaiid flint. If the 
weather was damp iMud the tinrler was 
not perfectly dry it-Ji^ight take half an 


hour or more to get. a light. l*oor people 
could not afford candles and had only 
rushhglil.s, that is a rush dipped in 
tallow, to light their homes. 

'I'hen came oil lamps, followed later 
by gas, incandescent mantles and 
electric light Ni>\e with inverted bowls 
and indirect lighting, the illumination 
of the home is as near perfection as 
It could be brouglit. 

rin* latest method of lighting build- 
ings on the grand scale is by tubes ol 
neon and oth(‘r gases through which an 
electrii' current is passed. The gas is at 
low pressure and the current at low 
voltage. 7'he neon gas shines with a 
bright red glow, while other gases give 
different colours. 1'here is one terminal 
at each end of the tubi* and the ga.s 
itself carries the current. 

'rhe llood-lighting of buildings, tix) 
in which the beams of powerful search- 
lights are directed upon the buildings, 
gives wonderful effects and has been 
seen in most of our big cities from time 
to time on special (x;casions. 




A striking example, of modem illumination at the Merchandise Mart at Chicago, where long needles of light outline the building 
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EXPERIMENTS WITH HOME-MADE TOPS 


W K can make a nuiulxT ot intor- 
eslinp; opiical lops \vhi< h will 
illuslrali' iinporiaat fa< IsalioiJt 
and vniun '1 hr i<jps MHisist ol 
'lout (ardhoard dis''s with a pi(‘C<* ol 
l»lru k-leacl p(MK il ol pendM>ldei put 
( lirou^li a hol<- in the ( ontre, the 
point of tlu> p^'iieil lorminu: 
on vnIihIi to th(‘ top On 

I Ik* discs u(‘ draw or fiaint the 
d(‘si.t(ns whieii are sliown in tlu' 
picliir(‘s .it the hottoin of tins 

p, «(!('. 

'I'he designs an; vc ryi leai and 
distinct as w'C look at Ifii'in on 
t hr d|s( s when tliev aiT* still, btit 
will'll tliev an* spun and they 
i()tat(' ratadlv the result is N’ery 
diftereiit , 

'The first top desi^m is one in 
which the S(*ven colours of the 
spectrum, vioht. indigo, blue. 

^TCMUi. yellow, oran!L((', rod arr' 
painted in certain proportions. 

When the top is spun we no 
Ioniser see the colours, for th(*y 
l)len(] and form white. 

The next design consists ol 
a five “pointed star painted dark 
blue. When spun the effect is 
curious, for the centre is dark 
til lie cind the blue bi*coines 
lighter and lighter towards the 
<'itcumf<*rence. At the edge the .spinning 
disc appears quite white. Towards the 
edge, the star rays being narrower, the 
proportion of blue get.s h*ss 


Till* other loin de.signs can b<* drawn 
cm the di.srs in f>lack ink. and it wdll 
Ix' interesting to st*e for (uirselvT-s Die 
results when they an* spun. In the 
last mu*, tor instance, where there are 
l<Mir lines with tordficd edges on one 


side we shall tind that th<* lolating 
disc exhibits a series of rings, those 
nearest the centre being the darkest. 
These are. of lourst*, only a few of 


the designs with which we can ex- 
periment. We can main* up f<jr our- 
selvi’s many (dluTs and h<'<* what 
hapjiciis w hen wi* spin the discs. 

(brls will find a home-made lop of 
this kind V(‘rv usctul foi matcliing the 
colours ol materials. It, for in- 
stjinci*. the colout.s of two mat- 
('rials should lx* alike, w hile the 
piitti'iii oT design is different, it 
IS not always easy to decide 
v^'he1her tlu* (’clours do rt*ally 
match We can, howt-ver, do this 
with a t(.)p. We cover the disc 
with one material and fasten a 
small ])it‘(.e oi tlu- otlu‘ron tlu* 
edge. I’hen whi'ii the lop spins 
W'e shall soon see whether tliere 
is anv diftt‘rence in the tints 
Tt will be far more conspicuous 
wIk'u spinning than wdien .still. 

'flic ( ih'Tts (;f these tops an* 
due to the persistcnci* oi vision, 
that IS lie images fonni*d on 
the retina of various p irts of a 
di'sign as it rotates blend as do 
th(‘ vaiiou'' pietures of a film as 
it is mil till (High the proj(.*ct(H 
at the cinema. 

If it w^ere not for this persis- 
tcnc(.‘ ol vision w^e should b(' 
unable to se(* moving pictures 
on the screen. If our eyes were 
quick enough W'c should detect not what 
appears to be a continuous moving 
picture but a series of pictures all 
slightly dillerent iiom one another 



Matching a colour by means of a top 





WHY WE CAN HEAR A WHISPER IN ST. PAUL’S 



One of the most interesting parts of St. Paul’s Cathedral is the Whispering Gallery, which is loS leet in diameter or nearly 340 feet in 
circumference. It is the be.st point from which to see the paintings on the dome, but what makes it so very interesting is the fact that 
if a person whispers near the wall on one side of the gallery anyone with his ear against the wall on the other side can hear what is said 



In this picture we see the explanation of why we are able to whisper on the other side of the gallery. The whisper sets up 

waves in the air and these strike the wall of the Whispering ind are then reflected at the same angle at which they strike the 

wall. This throws the waves against the wall once more, and ag^f^ tftey are reflected, and so they pass rapidly right rouitd the gallery 



That the true explanation of the whisper being heard clearly on the other side of the gallery is the repeated reflection of the sound 
waves can be proved by a simple experiment. If a screen be placed close against the wall as shown in this picture, then the waves are 
intercepted and the person on the other side of the gallery with his ear against the wall hears nothing of the whisper that has been spoken 
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THE SKELETONS OF CONCRETE PILLARS 





TW» photograph was takm during the buditog ot the ramf w^ oiiM Wte^pd t^^ or*pU«» *“ this way is to bulW fiwt of ^ « 

tkonughUtf in the dock district of f"* ^ £ang«l, which Serves as a mould for the llo^d JoMrete 

skeleton of steel rods Uced together. Then «mnd a it is nmt it consists of a solid block of concrete firmly held togc^er 

iStU poured in. The <»n«ete flo^ ^ oTm«1 2^ S ?Si coliSete is set the wo^n framework » takon 
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Marvels oF Machinery 



THE WONDERS OF REINFORCED CONCRETE 

Reinforced concrete has been called liquid stone and is now used for all types of buildings, bridges, dams, roads, 
and ^n ships. It can be formed Into any sl^pe and when it has set is as hard as granite. Because it can be 
mixed and used by imskilled labour, concrete is a cheaper building materiai than stone, which has to be cut and 
dressed by skilled masons. Here we read about concrete's many uses. 


O NE of the greatest inventions in 
connection with building was 
that* of reinforced conci’ete. 
Concrete is a mixture of broken stone, 
graycl or similar material, held together 
by cement, and enough cement must 
be used to 611 in all the spaces between 
the stones. Of course the proportions 
of stone and sand have to be adapted 
to the character of the work for which 
the concrete is to be used. 

Concrete has long been used for the 
making of pavements, roadways and 
the floors of yards, but it was when 
the principle of reinforcing it with a 
skeleton of iron or 
steel wjis devised 
that concrete be- 
came available for 
use as a building 
material. 

Every large 
modern city and 
town has build- 
ings of reinforced 
concrete, and 
very 6ne some of 
them look. Not 
only their walls, 
but their floors 
and pillars and 
other parts are 
fire - pr(.x>f, and 
even if .shaken by 
an earthquake 
tiiey hold together 
with amazing 
tenacity. It has 
been found that 
concrete is better 
able to withstand 
earthquake shocks 
than is any other 
building material, 

A French Idea 

It is believed 
that ferro-concrete 
was invented by a 
French gardener 
named Joseph 
Monier somewhere 
about the year 
1868. At any 
rate, he seems to 
have made water 
basins of concrete, 
strengthening 
them with a net- 
work of iron rods 
round which the 
concrete was 
moulded. 


Whether it be in the construction of 
pillars, walls, floors, partitions, arches, 
domes, water tanks, dams, roofs or road- 
ways, the idea of combining an iron 
or steel sk(?leton with a concrete body 
is that the concrete shall stand the 
compressive or squeezing strains and 
the steel or iron the tensile or stretching 
strains. 

The enormous advantage of concrete 
used in conjunction with iron or steel is 
that it forms a perfect protection from 
rust. The metal thus does not de- 
teriorate in strength or value. At the 
same time it is of supreme value as a 


hre-resisting substance. Steel alone 
not properly protected is dangerous in 
case of fire, for it is an excellent con- 
ductor of heat, and when the building 
is once alight the steel attains a high 
temperature and the heat is conducted 
to all parts quickly. The metal also 
becomes soitened by the heat. 

Concrete, on the other hand, is a very 
bad conductor ol heat, and so when the 
steel building or the girder framework 
is endorsed in concrete the heat is un- 
able to get at the steel. Indeed, in very 
high temperatures the outside of the 
concrete becomes changed by the heat, 
but in the process 
becomes a still 
worse con d u c tor, 
and so the interior 
steel or ironwork is 
betU'T pn>tectefl. 

The reinforcing 
of the concrete 
varies according 
to the ifleas of 
different construc- 
tors, and the 
piirpost^ tor which 
the concrete is to 
be used. Some 
of the methods of 
reinforcing a r e 
shown in the 
piciure.s on this 
and the previous 
page. 

Concrete Ships 

A reinforced con- 
crete building can 
be erected in 
much less time 
than a building of 
brick or stone. 

In making con- 
crete f^ads a 
network of thick 
wire is laid and 
the concrete 
ured over it, 
forms the 
best foundation 
for heavy traffic. 

Even ships and 
barges have been 
built of reinforced 
concrete, the ad- 
vantage of this 
method, as in the 
case of buildings, 
being that con- 
struction can be 
carried out quickly. 





How concrete is reinforced or strengthened by means of a skeleton of iron or steel The 
pictures .on right and left show the method of fortning the reinforcement for concrete 
pillars, the umr pictvire shows a roadway being reinforced and the lower picture an 
arch. In all eases the concrete work has an inner skeleton of steel rods or wires to 
bind it and hold it together. The concrete protects the steel from rusting 
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HOW SUGAR IS EXTRACTED FROM THE 

Beetroots Conveyor moving u \\ 

■ .y , beetroots^^ 



It was only at the beginning of the 19th century, under the encouragement of Napoleon Bonaparte, that sugar began to be extracted 
on a large scale from the beetroot. The manufacture spread till, m the early part of the present century, more sugar came from 
beet than from cane. Cane has now overtaken beet again, but stiU about nine million tons of beet sugar are produced every year, 
and here we see the whole process of extracting the sugar from the root and refining it for use. The beetroots are dug up and taken 
to the factories, where they are stacked and then passed through a machine which washes them clean. They next go through a weighing 
machine to an i4)paratus that slices them, and then they pass into a diffusion tank where in hot water the sugar is soaked out of 
them. The pulp residue is saved and used as cattle food, while the syrup goes to an apparatus where it is purified by time and gas 




BEETR<X)T AND MADE READY FOR USE 
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produced from Umestone. It is next pumped into a filter press, where it is filtered, and then it passes to evaporators where the juice 
IS boiled down to a thick sjrrup. From these it goes into a vacuum pan where it is boiled till it becomes full of sugar crystals. These 
while still wet are carried by a spiral conveyor to a centrifugal drier, where they are whirled round at a terrific rate, the syrup being 
hurled by centrifugal force through a screen. The residue of molasses is drawn off from the drier and mixed with the pulp to make 
cattle food. The crystals jmiss on to a revolving drier containing warm air and the fimshed product that comes out is weighed and 
packed for sale. No fewer than ay countries now produce beet sugar. The beetroot is a valuable crop because there is no waste, 
the by-products consisting of the green tops, pulp, and molasses forming food for cattle and producing meat, milk and butter 





HOW THE ELECTRIC METER IN YOUR HOME WORKS 



This picturt shows the inside of the electric meter which records the altemetine current used in a house. It is a Ferranti meter, one of the most 
efficient types in the world. Electricet energy is measured in watts, a quantity proportional to the product of the current fiowtng and the electro* 
motive force which causes the current to flow in the circuit. Here tt the principle on which the meter works. In the upper part is a shunt stator, 
which means a magnet with a coil round it joining two {mints of a drcuit over which the electro-motive force acts. This has a coU of many turns of 
fine wire, connected direct or ** in shunt ** across the mains. In the lower part of the meter there is another electro*magnet known as a senes stator, 
which means a magnet with two coUs consisting of a few turns of heavy wire, through which the current for use in the house passes. Be t we en these 
two magnets is a rotor disc, or rotating plate, on the spindle of which is a vrorm or screw thread which drives a tiain of wbeds* These make the 
record on the dial. The combined magnkic effects of the shunt '* or electromotive coU and the ** series ** or current coUs enert a driving force on 
the rotor disc making it rotate. To keep it revolving at a constant speed the disc is also acted upon by a permanent magnet, which causes currents to 
be generated in the disc itself. These currents act in an opposite direction to the driving force, thus setting up a braking effect. The retarding force it 
proportional to the speed of the disc, and the driving force to the watts passing through the meter. The two forces are equal when the speed is constant 
so mat, omitttfig friction, the disc's speed is propoitional to the watts passiiw through the meter. The disc's spindle throimh the geared wheels moves the 
pointers pn the dials, and records the number of kil^atts of electricat energy pssslng through the circuit 
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HOW THE SUNSHINE RECORDS ARE MADE 

Meteorology is more and more becoming an important science, and all sorts ot records are kept regularly 
at the weather bureaus, such as rainfall, wind velocity, sunshine, cloudiness, and so on. On this page we 
learn how the sunshine records are made by means of instruments which record automatically the exact 
number of hours during which the sun has been shining on any particular day 

W K see in the newspapers daily glass bulb focuses the rays upon the Still another form is known as the 
records of the amount of sun- paper which liecomes charred, but if electrical contact recorder. Jn this 
shine at various seaside and the Sun goes behind a cloud then the a black bulb thermometer is encloserl 
other resorts. How is the record of charring ceases till the Sun appears in a glass chamber from which the air 

sunshine made ? It is not done by again. In this way the sunshine is has been extracted. Two wires are 

having somebody on the watch in recorded as a charred track upon the carried into the stem ot the thenuo- 
every town maldng a note of the paper, and a fresh $trip of pa|3ier is meter. 

minutes and. hours during which the placed in position in tne instrument When the Sim shines the blade 
Sun shines or goes Ixjhind a cloud, every day. bulb quickly absorbs the heat, the 

The record is made automatically by Another form »»f, instrument is mercury rises in the tube, and the 
an instrument known as a sun.shine known as the photographic sunshine two wires arc connected, completing 

recorder, recorder. It consists of a cylindrical an electrical circuit. 'I'he recorder is 

There are various types of recorders, box with a small opening, but other- placed on the roof and the wires arc 

and the most familiar used in Great wi.se light-tight. Inside the box a carried into an office below, where 

Britain is known as the burnt paper piece of sensitised pl^otographic paper they oj^crate a j^en which makes a 

recorder. A sphere of glass focuses i.s placed in position. When the graph on the paper of a revolving 

the rays of the Sun upon a strip of Sun is shining, its rays pass through drum. If the Sun ceases to shine the 

paper which is arranged in a curved the opening in the box and shine mercury drops, contact is broken, and 
framework at the back. The instru- upon the paper, which becomes dark, the line becomes straight, 
nient is placed at an angle facing If the sunshine is interruptetl for This electrical form ot .sunshine 

south, and is so arranged that any any period, long or short, the dark recorder is the type of instrument that 

sunshine that may occur between track on the sensitised paper ceases, is used at its various stations by tye 

sunrise and sunset will be recorded. In this way a compd^te record is made United States Weather Bureau, which 

Whenever the Sun is .shining the for the day. i finds it very accurate and eUTicient. 







Placing the etrip of paper in poiitipn on a burnt paper sunshine recorder. The exact amount of sunshine that occurs each day from 
sunrise to sunset is recorded by means of a continuous or broken line of charring on the paper 
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LOOKING AT THE NORTH SEA FROM LONDON 
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This manrsllous photograph taken from an aeroplane over London shows not only London itself but the Thames winding away through 
the country and emptying itself into the North Sea beyond the More. We see on one side the I^e of Sheppey and the Kent coast passing 
away to Thaaet, and on the opposite side of the estuary of the Thames the coast of Essex with Canvey Island, Southend, Shoeburjmess 
and Foulness Island. The photograph was taken with a plate sensitive to infra-red rays which penetrate mist and fog. Various places 
visible have been marked, and the bridges over the Thames in London can be recognised. Notice how the land not built on, including 
the parks, stands out white. On page 358 there is an even more remarkable photograph taken from a rocket at a height of zoo miles 

and showing the curvature of the earth over a distance of 900 miles. 
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WHY THE VOLCANO THROWS OUT MOLTEN LAVA 



These pictures es^plain why it is that a volcano hurls out molten lava from its crater. The popular idea that a volcano is a burning 
mountain is quite wrong. What in the daytime appears to be smoke hovering over the crater is really a steam cloud mixed with very 
fine dust, and what appears to be fire at night is the reflection on the cloud of the molten lava deep down in the crater. From some 
volcanoes like those of Hawaii the lava overflows and pours down the side of the crater in a steady stream, but in others like $tromboli 
in the Mediterranean it is ejected from time to time by a series of violent explosions. The crater shown here in section is supposed to 
be that of StromboH. Currents of hotter lava rise in the chimney from below, and the steam contained in it being relieved of pressure 
begins to separate into bubbles, as shown in the hrst picture, and these expand as they rise. Then they flow together, as shown in the 
second picture, and as they get near the top their speed is increased, and their expansive energy causes them to explode and hurl the 
lava high into the air, as shown in the right-hand picture. The lava cools during its flight, congeals into rocky masses and ash, and 
falls on the cone, which is thereby increased in diameter and height. It is the expanding steam which hurls the lava out 
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WHY WE HAVE TO PLOUGH THE LAND 


T he soil is the layer ol mould which 
lies at the surface of our Earth’s 
crust, and it is really the most 
iinportafit part of the Earth, for men, 
beasts, birds, insects and plants are 
alike dependent for their very life on 
what the soil produces. 

The soil rests upon the harder part 
of the Earth’s crust, which is known as 
the sub soil, and if, 
in some great 
c at ac I y s in, the 
whole of the soil of 
the Earth should be 
washed away we 
should most of us, 
if not all of us, 
perish of hunger, 
ill some countries 
men have cut down 
forests, with the 
result that when 
the rains came they 
have washed the 
soil down the slop- 
ing hills till these 
became bare and 
hirci, and nothing 
woultl grow. 

The Beginning 

Men of science 
believe that in far 
distant days the 
surface of the Earth 
was hard rock, but 
wind, and weather, 
and sun, and rain 
liroko up the sur- 
face of this hard 
rock into powder, 
and thus formed a 
soil on wliich lowly 
plants could grow. 

Then the roots of 
tliese plants and 
various substances 
that resulted when 
they decayed broke 
up the rock still 
more and gradually 
a soil was formed 
on which more im- 
p o r t a n t plants 
could take root and 
from which they 
could draw 
nourishment. 

If tlie soil is left 
to itself the crops 
of useful plants 
are poor. Man 
finds It necessary 
to till the soil, that 
is to prepare it by 
ploughing and in 
other ways, so that 
is shall bring forth Ploughing the soil so 
more and more ‘he ground may 

food for the use of 

luinself and his cattle, lii the old days 
the soil was not tilled very well, with 
the result that the crops were poor and 
the mass of people rarely knew what it 
was to have enough to eat. This was the 
case in England and the bleaker lands, 
at any rate. The more carefully the soil 


is prepared the more will it produce lor 
the use of man and beast. 

If the soil is left to itself it becomes 
hard and the roots of plants find it 
difficult to make their way in the earth 
as they seek moisture and nourishment. 
That is why the land has to be ploughed 
at regular intervals so as to break up 
the ground and allow the air and rain 



that the sunshine and air and rain can reach 
be broken up for the roots of plants to make 

to get in and supply fresh nourishment. 

It is of great importance that the soil 
should be gradually deepened, so that 
the roots of plants may und it easier to 
travel in search of moisture and food. 

This gradual deepening of the soil 
ia done by ploughing. 
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The plough cuts a furrow and turns 
over the soil, so that the air can get to 
it. Then the harrow breaks up the clods 
into smaller pieces and the roller 
crushes them still smaller. In this way 
the air is able to circulate freely, doing 
its good work in the earth. 

It air is necessary to a fertile soil, so 
also is water The soil must be able to 
hold enough moist- 

■' iiV *' plant through liot, 
dry spells of 
weather, for the 
plant gets all its 
water through its 
roots, which are 
embedded in the 
soil These spread 
about in all clireo 
tions, and go deep 
down in search of 
water, and the 
more we help them 
in their search by 
preparing the soil 
the more they will 
help us by produc- 
ing strong, healthy 
plants above 
ground. They ob- 
tain their food for 
the building of new 
tissue from the soil. 
There is a constant 
stream of water 
travelling through 
the plant, going up 
through the roots 
of the stem and 
passing out into 
the atmosphere 
through pores in 
the leaves. 

A Safeguard 

We know how in 
hot, dry summers, 
when there is not 
much rain and the 
.soil is very dry, the 
leaves shrivel up. 
This is a provision 
of nature which 
enables the plant 
to retain any 
moisture it may 
Imve^ instead of 
letting it pass off 
f^ly as in normal 
’tu9^s into the air. 
The "farmer keeps 
his soil in a suitable 
condition for hold-* 
ing.j®a supply of 
wateS for use in 
dry and hot 
down into th« earth weather, by deep 
their way about in it ploughing and 

good tilling. 

Of course, the earthworms, as we read 
in another part of this book, do a greiiat 
deal of work in preparing the soil, and 
make it suitable as a place in which the 
plants can grow, and from which they 
can draw nourishment. Charles Parwin 
made a life study of the earthworm. 
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THE ENORMOUS SIZE OF SOME STARS 


<1 



By means of a wonderful instrument known as the interferometer, which is described on page 788, some of the distant stars have been 
measured, and truly astonishing are the results, as we can see in this picture-diagram showing some of the stars with the Sun and the 
orbits of the Earth and Mars drawn to the same scale. It will be seen that some of the stars measured are much bigger in diameter 
than the Earth's orbit, while one of them is not only bigger than the orbit of Mars, but more than twice as great in diameter as the 
Earth’s orbit. Antares, the chief star in the constellation of the Scorpion is the biggest star that has been measured so far. Stars vary 
much in size but not in mass, and consequently their densities must be very different. The densities of the stars vary from several times 
that of iron to one-millionth that of water. It is difficult for us to imagine matter so enormously drawn out 



If the planets are arranged in their right order there is a remarkable sequence of size. They fit into a figure shaped like a cigar, and 
the suggestion of scientists is that some star passing our Sun in the past drew out some of its substance, which cooled into the planets 
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FINDING THE DISTANCES OF THE STARS 

We may wonder how the distances ol such far-away objects as the stars can be measured by men on the Earth 
Yet this marvel has been performed, and here we read about the method that is used. It is known as parallax, 
a name from a Greek word meaning to ** vary ** or “ wander.** Parallax is really a method of measuring how 
far away a distant object is by noticing its variation in position when viewed from different angles 


T he nearest star so far as we know 
is 25 million million miles away, 
and its light takes four and one- 
third years to reach our Earth. How 
is it that men of science have been able 
to measure the distance of this and 
other stars ? 

Well, in the case of the nearest stars 
the measurement is done in exactly 
the same way as a Boy Scout measures 
the distance of a church or tree which 
is on the other side of a wide river. 

The iioy Scout draws a base line on 
his own side of the river, and mea.sures 
it, and then from the ends observes 
the church tower or tree and notes the 
angle which it makes with his base 
line. Thus there is a triangle of which 
he knows the length of the base and 
the size of the angles at the base. With 
this information and some slight know- 
ledge of trigonometry he can work out 
the distance of the church or tree. 


Even the neare.st of all the stars, 
which is known as Proxima Centauri, 
is so far away that no line which we 
could take on the Earth if self would 
lx* long enough to lorm the base of a 
triangle whose apex was the star. 
How is it |K)ssible then to get a base 
line long enough to form a triangle ? 

This is obtained in a very ingenious 
way. Our Earth travels round the 
Sun in an orbit, and the diameter of 
this orbit is 186 million miles. So 
what men of science do is to observe 
the star whose distance away they wish 
to measure first from one side of the 
orbit, say on March i.st, and then from 
the other side of the orbit, say on Sep- 
tember Tst. They look at this sUir 
and then at another more faint and 
distant star that appears to one side. 
Lines from the two stars to the point 
of observation on the Earth form a 
certain angle. 


Now wlien the Earth f caches the 
other side of this orbit the scientists 
observe the star whose distance away 
they wish to measure, and the faint and 
distant star, and find that though the 
faint star owing to its vast distance' 
docs not appt^ar to have* changed its 
position at all, the other star has 
changed slightly. The width of the 
Earth's orbit has been sufficient to 
make a slight difference in one case, 
but not in the other. 

Knowing the length ol the base 
line and working out the angles very 
accurately by means of delicate instru- 
ments the distance ot the nearer star 
can be calculated. 

The distances of the farther stars can 
l)c w'orked out by means of the six*c- 
trt)Scope, that wonderful instrument 
alx)iit which we read on pages 451 and 
843, and how this is done is explained 
in another part of this Ixiok. 



This diazratn ihows the method of measuring the distance of a star by what is known as parallax. X represents the position of the star whose 
distance is to be measured, A faint and very disUnt sUr lies somewhere in Space on the line AF, and the lines from the two sUrs inake an angle 
XAF. Six months later, when the Earth is on the other side of its orbit, 186 million miles away, the same two stars are observed. The faint star 
is so distant that there is no change whatever in its position, but the position of the nearer star has changed a little. The lines from the two stars 
now make the angle XBG. The dinerenoe between the angles XAF and XBG is e<iuat to the angle AXB. Astronomers, knowing this angle and 
the stse of the base line which is the diameter of the Earth's orbit, are able by trigonometry to work out the distance of the nearer star. This picture 

has been adapted from a diagram by Mr. W. M. Smart 
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WHY THE EVENING SHADOWS LENGTHEN 


A S we know, the 
sliadows cast by 
various objects 
such as trees and liouses 
and telegraph posts and 
ourselves are long in 
the morning, but get 
shorter and shorter as 
1 1 oon appr< lac hes and 
then lengthen once 
more as evening draws 
on A small child will 
cast a shadow in the 
evening that is much 
longer than the height 
of any man, while a 
man’s shadow becomes 
iis long as a tree. 

The reason for this 
lengthening of the 
shadow is explained in 
tlie picture-diagrams on 
this page. When the 
Sun is high in the 
heavens it slnnes down 
much more directly than 
when It is low on the 
horizon in the morning 
or evening (.'onse- 
fjuently the rays ol 
light from the Sun 
strike the ground at a 
much less acute angle 
than they do when the 
Sun is near the horizon. 

The effect of this is 
that the rays are inter- 
cepted much nearer the 
point where they would 
strike the ground At 
evening when the Sun 
is low the rays, coming 
more slantingly, reacii 
the ground at a grcatei 
<listance from any ob- 
ject over which they 
pass. As a result the 
shadow of a child’s 
head inti‘rcepting the 
rays is thrown far away 
on the ground, and 
other parts of the 
shadow are similarly 
extended. 

VVe can carry out a 



The long shadow that is cast in the evening when the Sun is low 


series of simple experi- 
ments in a darkened 
room to illustrate tins, 
using a small flash lamp 
to represent the Sun. 
Any small objects can 
be used for casting the 
shadows and if we use 
tin soldiers or other 
models of human beings 
the experiment is the 
more interesting. 

We arrange bur ob- 
jects on the table and 
then, having put the 
room in darkness, we 
turn on our flash lamp. 
First of all we hold it 
over the objects, shining 
it down upon them from 
above, and we find that 
the shadows have prac- 
tically no length at all, 
as is the case in the 
Tropics at noon when 
the Sun is right over- 
head. 

Next we move the 
light a little lower down, 
and the shadows are 
then cast along the 
table in the direction 
away from the light. 
Gradually wn lower the 
lamp still larther, and 
as wc do so the shadows 
lengthen just as they 
do on tile Earth when 
the Sun sinks to the 
horizon, Wlien we hold 
the lamp just above Hit 
table's edge the shadows 
of, the little tin soldiers 
wiH-' bo logger than 
1 he, stable itsmf . 

^ It ‘was by the length- 
of the shadow 
that men in early days 
markt‘d the passing of 
tiiyi<‘* In the Bible we 
reid how ‘A servant 
earnestly de.sircth the 
sl^jvdow,” meaning the 
1 c n gt h e n i n g which 
marks tjic end of work. 



These diagrams explain why the shadows are longer in the morning and evening than in the middle of the day* When the Sun is l^ 
on the horixon its rays strike more slantingly than when it is high up at noon and consequently the shadow is thrown farther 
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Romance of British History 



THE FAMOUS BOSTON TEA PARTY 

Most people have heard ol the Boston Tea Party, but how many people know what it really was, why it 
occurred, and how it led to the breaking away of England's American Colonies and the birth of a new nation 
under the name of the United States ? This *' tea party " marks an important turning point in the world's 

history, and the story of it is told in these pages 


A SHORT lime before he fell at Qneb<‘c 
the Marquis of Montcalm, the 
French commander, declared 
that if the English conquered Canada 
the American colonies to the south 
would break away from the Mother 
Country* It was a true prophecy, and 
within fifteen years of the taking of 
Quebec the American Colonists had 
begun their fight for indei:>endence. 

Sk> long as the French were in 
Canada the Colonists were only too 
glad to have the help of 
the English army and 
navy to protect them. 

But once the French 
menace was removed and 
the thirteen Colonies no 
longer stood in need of 
English protection, they 
began to find the control 
exercised over them by 
the M(jther Giuntry irk- 
some. 

When people talk about 
the American War of 
3 ndei>endcnce as a great 
fight for freedom by 
people who were 
oppics.sed politically they 
are talking nonsense. The 
American ('ohmists were 
ns free politically as the 
people of Canada or 
Australia to-day. 

The Stamp Act 


America to protect the Colonies, and it 
was unfair tnat the whole of the cost of 
this should fall upon the English 
jxioplc. It was not unreasonable to 
expect the Cx)lonists to pay something 
towards the tx^st of the English forces. 

But unfortunately the Colonies all 
had separate governments, and there 
was no way of passing a law which 
should be binding on all except through 
the English Parliament. Such laws 
held often been passed, and the 



Colonists had raised no objection. 
But now that they no longer needed 
the English anny the Colonists took up 
a high line, and declared that as they 
had no representation in the English 
Parliament that iKxly could not tax 
them. They refused to use the 
stamped pai>cr, and in 1 766 the Stamp 
Act was repealed. 

But l>cml Rockingham, the Prime 
Minister, had an Act passed which 
declared that the British Parliament 
really liad the right to 
make laws for lh(! 
Colonies. It was a silly 
thing to do, for in the 
strained relations it 
would have been better 
to let sleeping dogs lie. 

Soon afterwards fresh 
duties were imposed f>n 
glass, pa|xjr, colours and 
tea imported into 
America, and at once 
there was a loud outcry. 
The Americans declared 
that the taxes should not 
be paid, and in 1770 there 
were riots in Boston. 
British soldiers tired upon 
the mob and killed several 
of the rioters. The affair 
was at once denounced as 
a “ massacre,'' and public 
opinion was worked up 
to fever heat against the 
Mother Country. 


But there were certain 
restrictions on trade and 
commerce which were 
exercised by the Mother 
Country, and as these 
affected their pockets the 
Colonists had a great 
de.sire to bo free of them. 

All the foreign trade ol 
the Colonies, for example, 
with Europe had to be 
conducted in English 
ships. Then in 1765 a 
Stamp Act was passed 
which declared that all 
legal documents in 
America must be written 
on stamped paper, which 
had paid a duty, and the 
duty went to the English 
Government. 

In passing this Act the 
English Government had 
no idea of infringing 
the liberties of the 
Colonists. An English 
army had to be kept in 


A Tax on Tea 

The English Govern- 
ment was weak, and Lord 
North, who was now 
Prime Minister, repealed 
all the duties except a 
small tax of threepence 
on every pound of tea 
entering America. He 
maintained this in order 
to insist upon the right 
of England to levy taxes 
on the Colonies. 

But the Colonists 
objected, not to the 
amount of the taxes, but 
to the taxes them.selves, 
and they made up their 
minds to resist. 

And now occurred the 
famous Boston Tea Party, 
which was really the small 
beginning that led to the 
A knock was given on the door of each person , commissioned to deal formation of the United 
with the tea and a summons was left ordering the inmate to appear States as an entirely in- 
without fail at Uberty Tree on the following Wednesday morning dependent country. 









ROMANCE OF BRITISH HISTORY 


riie (-x>k>iiisls determined that none 
<>1 the taxed lt*a slionld be anowe<l to 
land. A committee was formed in 
Boston which b<‘jian to jniblish extrava- 
f^ant statements to inflame the people. 

“ What oppressions." they asked in a 
circular to the other towns of the 
i’olonv, “ may we not expect in antither 
sev'en years if tlirou^h a weak credulity, 
while the most arbitrary measures are 
still jH'rsisted in, we 
should be prevailed ' m i 
upf)n to submit our i \ 

rights to the tender / ' 

111 e r c i e s of the 
ministry ? Watchful- 
ness, unity and har- 
inony are necessary 
to the salvation of 
o ti r s e 1 V e s and 
posterity from bond- 
age. We have an 
animating confidence 
in the Supreme Dis- 
poser of Events that 
lie will never snftcr 
a sensible,, brave and 
virtuous people to be 
<Mislaved." 

It all sounds very 
ridiculous when one 
n'lnombers that t here 
was no (piestion of 
political oppression 
at all. Of course 
\v h a t annoyed t h e 
('olcMiists was that 
the English tried to 
restrict the growth of 
manufactures in the 
Colonies. 

Independence 

Samuel Adams, a 
leading politician of 
Massachusetts, 

<lemanded that there 
should lx* an annual 
<'ongress of American 
statt‘s to frame a Bill 
ot Rights, or to 
■'form an i n d e * 
pendent state, an 
American Common- 
w^ealth." Union, he 
said, was the only 
hojx; tor America. It 
must be explained 
that at this time all 
the thirteen Colonies 
were independent of 
one another. Each On the appointed 
had its separate 
legislature and 
government, and in many cases they 
were trade rivals. 

Meanwhile the East India Company 
was sending a consignment of tea 
to America. Philadelphia, then the 
largest town in the Colonies, began the 
work of preventing a landing. Its 
inhabitants met in the State House and 
passed resolutions denying the claim 
of the English Parliament to tax 
America, and it especially condemned 
the duty on tea. 

But it was at Boston that the great 
issue was really to be tried. Tea 


ships were on the high seas and would 
soon arrive, and the Governor himself, 
under the name of his sons, w^as one 
of th<i consignees. 

On the night of November ist a 
knock was giv(‘n <jn the door of each 
of the people commissioned by the 
East India Company to deal with the 
tea, and a summons was left ordering 
them to ap|x*ar without fail at Liberly 



day a large flag was hung on a pole at Liberty 
officials with 500 citizens gathered at the spot 

Tree on the foliowring Wednesday at 
noon, there to resign their commissions. 
It all sounds very much like the Ku- 
Klux Klan of later days. 

On the apiK)intcd day a large flag 
was hung on a pole at Liberty Tree, 
and the bells in the various meeting- 
houses were rung. The town clerk and 
other officials, with 500 citizens, 
gathered at the spot. The people who 
were to receive the tea did not turn up, 
but held a meeting in a warehouse close 
by. The citizens therefore sent a depu- 
tation to interview them and extract a 
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promise not to sell the tea but to return 
It to I^onclon in the ships in which it 
came out. 

The consignees, however, refused to 
comply with the reouest, and when the 
meeting at Liberty Tree heard this the 
people shouted " Out with them, out 
with them ! " They were, however, 
persuaded to refrain from any form of 
violence for the time being. 

At a meeting a day 
or two later there w^as 
sonic talk of " taking 
up arms," and the 
suggestion was 
received with hand- 
clapping. 

At the same time 
the people of New 
York had formed a 
Vigilance Committee, 
and dc(; lured that no 
tea should he landed 
there. Pilots were 
ordered not to bring 
tea ships alx)ve the 
Hook, and a body 
described as "the 
Mohawks" w^as noti- 
fied to be in readiness 
in case of their arrival. 

Fiery Words 

During this time 
the tea sliips were on 
t h i r way, 'I' h e 
leaders at 1 Boston 
continued to inflame 
the people. A letter 
was sent to various 
towns which said 
"Brethren, we are 
reduced to this 
dilemma, either to sit 
down (piiet under 
this and every othei 
burden that our 
enemies shall see fit 
to lay upon us, or to 
rise 11]) and resist 
this and every plan 
laid for our d<.\struc- 
tion as become wise 
freemen . " Of cou rse, 
to talk of tlireatencd 
destruction was 
ridiculous and 
untrue. 

Meanwhile the 
argument went on as 
to whether the tea 
should he landed. 
" Nothing will satisfy 
the people but re- 
shipping the tea to London," said the 
Committee. The men of Cambridge 
assembled on November 26th and voted 
unanimously " that as Boston was 
struggling lor the liberties of their 
country, they could no longer stand idle 
s|X‘ctators, but were ready on the 
shortest notice to join with it and other 
towns in any measure that might be 
thought proper to deliver themselves 
and pasterity from slavery." 

So the indignation was worked up by 
exaggerated and untrue statements of 
this kind. Then on Sunday the 28th the 


Tree and the town 
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watch was regularly kept up by volun* 
teers firmed with muskets and l)ayonets, 
who at every half-hour in the night 
regularly passed the word “ All is 
well." like sentinels in a garrison. 
Should there be. any trouble i>y night 
the bells were to be tolled and tins was 
to be the signal for a general rising. 

The community was eviflently getting 
near to civil war or rel)elIion, for it 
must be remembered that right through 
the conflict there were tens of thousands 
of loyalist > who did not believe in 
opposing tlic ICnglish Parliament. 

But a difficulty arose. The rest of the 
cargo had been landed, but tlie Dart- 
mouth could not receive a clearance 
with tlie tea on board, that is, it could 
not receive an official certificate that 



During the next few days meetings 
were held in many parts, 'the people 
became wilder than ever, and they 
talked of assisting Boston even at the 
risk of their Jives. 

On December nth the owner of tlie 
Dartmouth was summoned before the 
Boston Commit tee to explain why he 
had not kept his engagement to take 
his vessel and the tea hack to London 
within twenty days of its arrival. He 
pleatled that it was out ot his power. 
“ The ship must go," was the answ<‘r ; 
" the people of Boston and the neigh- 
bouring towns absolutely require and 
expect it." 

But the clearance could not be 
obtained, and the vt\ssel could not put 
to sea witlnut it. Indeed, the (Governor 
gave orders to load 
the guns at the castle 
so that no vessels 
except coasting ships 
might go to sea with- 
out a ])ennit. 

Nearer and nearer 
came the decisive 
day. riu? p(*(^pU; 
were really getting 
ready to tight. "We 
trust i n ( >o( 1 , " w ro t e 
the men of L(‘xing- 
ton, "that should 
the state of oui 
affairs recpiire it we 
shall be n‘atly to sac- 
rifice our estati's and 
everything dear in 
lifij, yea, and life 
itsc*lf, in support of 
the common causii." 


The Governor gave orders to load the guns at the castle so that no vessels might go 
to sea without a permit 


first tea ship, the Dartmouth, appeared 
in Boston Harlxnir with 114 chests of 
the East India Company's tea on board. 

Here was a dilemma, for it was the 
practice in New England to keep the 
Sabbath, as they called Sunday, very 
strictly. If the tea were once landed it 
would be impossible to send it back, but 
the owner of the Dartmouth, who was a 
Quaker, promised not to enter his ship 
till the Tuesday. 

A meeting of the people was sum- 
monod for Monday morning, and it 
was the largest gathering ever held in 
Boston. The gathering of 5,000 persons 
resolved unanimously that " the tea 
should l>e sent back to the place from 
wlicnce it came at all events, and that 
no duty should be paid on it." 

But there were 
other counsels. "The 
only way to get rid of 
it," said one, "is to 
throw it overboard." 

Negotiations went 
on all day, and the 
next m o r 11 i n g the 
consignees gave their 
answer. " It is utterly 
out of our power to 
.s(*nd back the teas, 
but we now declare 
to you our readiness 
to store thiun until 
we shall receive 
further directions 
from our constitu- 
ents." This meant 
that they wanted to 
notify the British 
Government of the 
state of things, and 
the citizens became 
more angry than 
ever. 

Keeping Watch 

At last the Quaker 
owner of the Dart- 
mouth and the master 
of the ship promi.sed 
that the tea should 
r e t u r n as it c a m e 
without touching 
land or paying duty, 

'1' li e n a similar 
promise was exacted 
of th(? owners of all 
the other tea ships 
whose arrival was 
daily expected. 

It was now thought 
that the matter 
would end peace- 
fully, and every ship- 
owner was forbidden 
on pain of being 
deemed an enemy to 
the countiy^ to import 
any tea from Great 
Britain till the Act taxing it should be 
regaled. 

But the people were still suspicious, 
and six persons were chosen as post- 
riders, to give notice to the country 
towns of any attempt to land the tea by 
force. At the same time a military 


its goods had been unloaded at the 
Custom House. Further, on the 
twentieth day from its arrival it would 
be liable to seizure if not cleared. To 
complicate matters still further, two 
more tea ships arrived and anchored 
by the side of the Dartmouth^ 


The Fatal Day 

Still the controller 
of the Custom Housf* 
refu.sed to grant the 
ship a clearcince till 
the tea had been un- 
loaded. At last, the 
morning of Thurs- 
day, December 6th, 
1773, began to dawn, 
the day which was 
to prove the most 
m o m 0 n t o u s i n 
A m e r i c a n annals. 
Meetings were held 
and resolutions were 
j)assed to abstain 
wholly from the use 
of tea. 

Ill the afternoon 
7,000 people gathered 
^ m a dimly lighted 
church and voted 
unanimously that 
the tea .should not be 
landed. 

'rhe owner of the 
Dartmouth appeared 
and declared that the Governor had 
refused him a pass because his ship 
was not properly cleared. When he 
had finished Samuel Adams rose and 
said. " This meeting can do nothing 
more to save the country," 

Then a great shout was heard 
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outside in the porch of the church, 
There was a wild war whoop, and a 
body of forty or fifty men disgiwfed as 
Ked Indians passed by the door and, 
encouraged by Adams and tlie other 
leaders, went down to the wharf and 
posted guards all round to prevent the 
intrusion of spies. 

They took [lossession of the three 
tea ships, brought up the chests, broke 
them o|>en and poured 
the tc?a into the har' 
lx>ur. In about three 
hours 340 chests had 
thus U*en emptied into 
the water. Mo other 
property was damaged, 
and the whole business 
was carried out 
systematically . Then 
the ''Mohawks*’ went 
away, and the town of 
ik>ston became? as still 
and calm as if it had 
tx^n a Sunday. But 
the rebellion against 
the English supremacy 
had begun. 

It was not a wild riot 
in the ordinary sense, 
for every tiling w'as done 
decently and in order, 
and no single member 
of the crews suffered 
violence. But when 
daylight dawned it was 
seen that the harbour 
was lilack with floating 
tea, and everyone knew 
that the first blow had 
been struck in what 
might be a great war. 

During the night the 
news had liecn carried 
to the villages all round, 
and the next day 
Samuel Adam.s and 
four others drew up a 
declaration of w'hat had 
been done, and vsent the 
message to New York 
and Philadelphia by 
the hand of Paul 
Bevere. The ride has 
been commemorated 
by Longfellow in his 
poem which l>egms: 

Listen, my children, and 

you shall hear 
Of the midnight ride of Paul 

Revere, 

and continues thus: 

So through the night rode 

Paul Revere; 

And so through the night 

went his cry of alarm 
To every Middlesex village and farm, 

A cry of defiance and not of fear. 

The great Boston Tea Party,** as 
the act of riot came to be called, had 
the effect of uniting all the Colonists. 
As the American historian, George 
Bancroft, has said, " old jealousies 
were removed and perfect harmony 
subsisted between all.** 

Of course, the Boston riot caused 


great indignation in England, and 
the charter of Massachusetts was 
cancelled. This meant that the 
Massachusetts Assembly became a 
rebel government. 

The English Governor in Boston 
began to fortify the place against 
possible attack by rebels. Then a 
congress of all the Colonies, except 
Creorgia, was held at Philadelphia, when 


measures of resistance were prepared 
and a Declaration of Eights issued. 
7 'here were men of goodwill on both 
sides who wanted to bring about a 
reconciliation, among them the famous 
Earl of Chatham and Benjamin 
Franklin, the great American, who was 
at that time living in England as an 
agent of certain Colonies, 

Matters, however, had gone too far. 
In Massachusetts the citizens were 


drilled, and when, an English force 
tried to seize a store of munitions it 
was attacked by the Americans at 
Lexington. The War of American In- 
dependence had begun. 

It was, of course, really a civil war, 
for while in Britain there were large 
numbers who sympathised with the 
American' Colonists, in America there 
were thousands of loyalists. Over 

20.000 fought on the 
English side during 
the war that followed, 
and when it was over. 

60.000 loyalists left 
their homes so as to 
remain under the 
British flag. 

The war dragged on 
for over six years. At 
first all the advantage 
was on the side of the 
English, and there is no 
doubt that the Ameri- 
cans would have been 
defeated had it not 
been for three things: 
the skill and deter- 
mination of George 
Washington, who com- 
manded the American 
forces, the incompe- 
tence of some of the 
Englisli generals, and 
the fact that almost 
the whole of the rest of 
the world were un- 
friendly to England. 

At last, in 1782, 
(Treat Britain njcog- 
nisiid the independence 
of the thirteen ('olonies, 
and the United States 
of America was born. 

Of course, when we 
read to-day the Declar- 
ation of Independence 
with its fine-sounding 
hra.ses, declaring " Wo 
old these truths to 
be self-evident, that 
all men are created 
equal, that they are 
endowed by their 
Creator with certain 
unalicimble Rights, 
that among these are 
life, liberty and the 
pursuit of happiness,** 
we smile at the efiront- 
ery or blindness of 
men who, while pub- 
lishing such words to 
the world, could hold 
in servitude tens of 
thousands of negro 
slaves. 

American slavery, which lasted till 
its abolition by Abraham Lincoln on 
New Year's Day, 1863, was perhaps the 
most detestable form of slavery that 
has ever existed at any period. And 
yet presumably the majority of the 
citizens who professed to be such 
upholders of liberty could not see the 
inconsistency and hypocrisy of their 
behaviour. 



The men disguised as Red Indians took possession of the ships, brought up the 
chests, broke them open and poured the tea into the harbour 
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